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THE INSTITUTION OF PETROLEUM TECHNOLOGISTS. 


ANNUAL REPORT OF THE COUNCIL, 1933. 

Tue Council present their Annual Report on the progress and 
work of the Institution during 1933, for the information of the 
members at the 21st Annual Meeting. 

MEMBERSHIP. 
The following table shows the alterations in membership which 


have taken place during the year and the total membership on 
December 31st, 1933 :- 
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In addition to the above on December 31st, 1933, 7 Members, 
7 Associate Members and 3 Students had been elected but had 
not yet ratified their membership, and 41 Candidates were awaiting 
election. 

The Council regret to have to announce the death of the following 
Members: Captain F. J. T. Frost, G. M. Gibbins, J. B. Hoblyn, 
L. Urquhart and Dr. A. Wirth (Members) ; RK. S. Forbes (Associate 
Member): and M. Hamel-Smith (Associate). 

Sir John T. Cargill, Bart., Dr. F. Bergius and Prof. Dr. D. Holde 
have been elected Life Honorary Members of the Institution, and 
Engineer Vice-Admiral H. A. Brown, C.B., and Mr. F. C. Starling, 
Head of the Petroleum Department, Board of Trade, have been 
elected Honorary Members during the tenure of their offices. 

ACCOUNTS. 

The Accounts for the vear ended December 31st, 1933, together 
with the Balance Sheet on that date, are presented. 

The Council is pleased to report that the Finance Committee 
has been able to effect considerable economies in expenditure, 
enabling a satisfactory position of the Revenue Account to be 
attained, in spite of the fact that the income from subscriptions 
has been reduced. 

The Scholarships awarded by the Institution at the Royal School 
of Mines and at Birmingham University have been provided for 
. the Accounts, and it has been decided to continue the awards in 
934. 
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BENEVOLENT FUND. 
A special appeal has been addressed by the Chairman of the 
Benevolent Fund Committee to all members of the Institution. 


The Council strongly support this appeal and would ask every 
member to contribute periodically according to his means. 


It would probably suit the convenience of members to make 
a contribution, however small, at the time of the payment of each 
Annual Subscription. It is hoped in this way to build up the 
Fund so that the Committee may always be in a position to relieve 
necessitous cases. 


STANDARDIZATION. 


The Chemical Standardization Committee has been active during 
the year and the work necessary for the publication of a Third 
Edition of ‘Standard Methods of Testing Petroleum and Its 
Products ” is well advanced. It is hoped that the new edition will 
be ready for publication by about the middle of 1934. 

The Engineering Standardization Committee has been closely 
associated with the British Standards Institution in the prepara- 
tion and revision of specifications affecting directly the supplies 
and equipment of the petroleum industry, as well as specifications 
of a more general character applicable to the petroleum industry 
along with other industries. 


REPRESENTATION ON OTHER BopDIEs. 
The Institution has been represented on the following bodies :— 


The American Society for Testing Materials. Dr. A. E. Dunstan and 
Mr. G. Sell. 

The Advisory Board of the Department of Oil Engineering and Refining 
of the University of Birmingham. The President. 

The British National Committee of the World Power Conference. 
Dr. A. E. Dunstan. 

The Mechanical Warfare Board of the War Office. Dr. W. R. Ormand) 

The Ramsay Memorial Laboratory Advisory Committee. Mr. J. Kewley 

The Manchester Cancer Research Committee. Dr. A. E. Dunstan, 
Mr. J. Kewley and Dr. F. H. Garner. 


The Engine and Fuel Committee (joint Committee with the Institut:on 
of Automobile Engineers and the Diesel Engine Users’ Association 
Dr. A. E. Dunstan, Mr. J. Kewley, Dr. F. H. Garner. 


The Institution has also been represented on many Committees and Panels 
of the British Standards Institution. 

The British Standards Institution has in progress a reorganiss- 
tion of its Petroleum Industry Committee whereby, in futur, 
the industry will be approached through the Institution 
Petroleum Technologists, and not through individual oil companies 
as hitherto. 
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ACTIVITIES OF THE INSTITUTION. 

Eight General Meetings of the Institution were held during 
1933, at which seven papers were presented by their authors for 
discussion :— 

One Hundred and Forty-seventh General Meeting, January 10th: 
“ATRCRAFT IN RELATION TO PrETROLEUM TECHNOLOGY,” by 
H. Hemming. 

One Hundred and Forty-eighth General Meeting, February I4th: 
“CANDLES AND CANDLE MAKING,” by David Allan. 


One Hundred and Forty-ninth General Meeting, March 7th.: ‘ THE 
MIGRATION OF OIL AND Natura Gas,”’ by Prof. V. C. Illing. 

Twentieth Annual General Meeting, March 14th: Induction of 
Incoming President. 

One Hundred and Fiftieth General Meeting, April llth: ‘AN 


AnaLyTIcCAL Steam DISTILLATION FOR MEASURING THE VOLATILITY 
RANGE OF LUBRICATING OILS AND OTHER HicHu-Bormnc PETROLEUM 
Fractions,” by R. N. J. Saal and C. G. Verver. 

One Hundred and Fifty-first General Meeting, May 9th: General 
Discussion on the Arrangements for the World Petroleum Congress. 

One Hundred and Fifty-second General Meeting, October 10th. ‘ THE 
MoperN HicH-Seeep Dreset. ENGINE AND Its PrLace IN Roav 
TRANSPORT,’ by Major W. H. Goddard. 

One Hundred and Fiftv-third General Meeting, November 14th: ‘‘ Some 
Notes ON THE Hotiey-Motrr Continuous CouNTER-CURRENT 
WASHERY AS APPLIED TO PETROLEUM Provucts,” by E. Thornton. 

One Hundred and Fifty-fourth General Meeting, December 12th: ‘‘ Air 
Survey,” by Lieut. J. 8S. A. Salt, R.E. 

The Meetings continue to be held at the House of the Royal 
Society of Arts, John Street, Adelphi, London, W.C. 2, and the 
Council beg to tender their thanks to that Society for their courtesy. 

The Council draws attention to the very interesting programme 
of meetings arranged by the Students’ Section. These meetings 
are well supported at both the London and Birmingham Branches. 

The Fifteenth Annual Dinner was held at the Connaught Rooms 
om Friday, October 6th, 1933, and was attended by over 210 
members and guests. 


Wor.Lv PETROLEUM CONGRESS. 


The outstanding event of the year 1933 was the World Petroleum 
Vongress, convened by the Institution and held from July 19th 
to 25th, 1933, at the Imperial College of Science and Technology, 
South Kensington. It is gratifying to record that the total number 
of members of the Congress was 1087. Thirty-six countries were 
represented by the membership and twenty-six countries sent 
official delegates. 

H.M. Government generously extended its hospitality to the 
Congress by holding an official reception at Lancaster House, 
which was attended by a large number of members and their ladies. 
_ Several public bodies and many companies in the oil and allied 
industries provided facilities for visits to works, laboratories and 
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places of interest. Full advantage was taken of these opportunities 
by members of the Congress. 

Grateful acknowledgment is made to companies and to certain 
private individuals for donations to the funds of the Congress. 

The President of the Congress was Mr. T. Dewhurst, A.R.CS, 
F.G.S. Mr. J. Kewley, M.A., F.L.C., F.C.S., M.1.Chem.E., was 
Vice-President and Chairman of the Committee. 

A total of 244 papers was presented to the Congress, covering 
all the main aspects of petroleum technology and the Volumes 
of Proceedings now available constitute a very valuable additia 
to the literature of petroleum. 

It was decided that the Congress should be held triennially at 
venues to be arranged from time to time. 


PUBLICATIONS. 

Vol. XIX. of the Journal was published in twelve month; 
parts, and contained the papers read at the General Meetings, the 
Annual Reports on the Progress of Naphthology, and a number 
of specially contributed articles and reviews. The Abstract Section 
continues to be a very satisfactory part of the Journal, and over 
1300 articles and patent specifications were dealt with during the year. 

The Abstracts Section has also been issued in leaflet form 
printed on one side of the paper only, for the convenience ol 
members who wish to use the Abstracts on index cards. This 
facility has been much appreciated. 

During the year a referendum was taken of members’ views 
on a change of format of the Journal from octavo to quarto size 
The results of the referendum indicated that opinion was about 
equally divided, and the question of any alteration in size has 
therefore been deferred. 

RESEARCH FUNb. 

During the year researches have been carried out with th 
assistance of grants from the Research Fund at the Imperia 
College, Royal School of Mines, on “ Properties of Muds,” « 
the National Physical Laboratory on the “ Relationship of Red 
wood and Absolute Viscosities,”” and at the University of Leeds on 
‘Sulphur Compounds of Kimmeridge Shale Oil.” 

The Council desire to draw the attention of members to thi 
existence of this Research Fund. 

AWARDS. 

No award of the Redwood Medal was made during 1933. 

Eight papers were submitted for the Students’ Medal and Prize 
The Medal and Prize were awarded to Mr. R. Chandler for hi 
paper on “ Heat Transfer for Fluids in Turbulent Flow in Pipes 
Phe following students were highly commended : Mr. G. M. Barrett 
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for his paper on “ Railway Traction in Relation to the Oil 
Industry,” and Mr. R. V. Browne, for his paper on * Salt Domes.” 

The Institution's Scholarships for 1933-34 were awarded to 
Vr. B. S. Downward, of the Royal School of Mines, and Mr. F. R. 
Wellings, of Birmingham University. 

OFFICERS FOR SESSION 1934-35. 

Mr. Thomas Dewhurst, A.R.C.S., F.G.S., has been unanimously 
re-elected President for the Session 1934-35. Lt.-Col. S. J. M. 
Auld, Mr. Ashley Carter, Mr. C. Dalley, Prof. A. W. Nash, Mr. 
J, McConnell Sanders and Dr. F. B. Thole have been elected 
Vice-Presidents. 

Commander Rowland E. Stokes Rees, R.N., who had been 
Secretary of the Institution since 1921 retired from that position 
in September, 1933. The Council wish to pay a tribute to the 
valuable services which Commander Stokes Rees rendered to the 
Institution during the 12 years of his connection with it. On his 
retirement a large number of members subscribed to a Testimonial, 
which was presented to him by the President on the occasion of 
the Annual Dinner in October, 1933. 

Mr. 8S. J. Astburv, M.A., A.M.Inst.C.E., was appointed Secretary 
of the Institution in September, 1933. 

BRANCHES. 

The Council is pleased to record that the Branches of the 
Institution in Persia, Roumania and Trinidad continue in active 
progress and are well supported by the members of the Institution 
resident in those countries. The South Wales Branch is engaging 
in an active programme of meetings and is co-operating with the 
local branches of other scientific institutions. 

LIBRARY. 

The Library Committee report that there has been a considerable 
increase in the use made of the Library during the year, and the 
tumber of books issued on loan indicates that members have 
weleomed this facility. 


The Council desire to tender their thanks to the following for 
services rendered to the Institution: Lord Plender, G.B.E., 
Honorary Treasurer; Messrs. Ashurst, Morris, Crisp & Co., 
Honorary Solicitors; Messrs. Price, Waterhouse & Co., Auditors ; 
ind the Editorial, Library and Office staffs. 

The Auditors retire and, being eligible, offer themselves for 
re-electic m. 

By Order of the Council. 
ARTHUR W. EASTLAKE, 


Honorary Secretary. 
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CAPITAL OF THE INSTITUTION, under Bye-Law £ s. d. £ s. dl £ sg [NVESTMI 
Section 6, paragraphs 14 and 15 :- On Act 
Life Membership Fund— €1 25 
As at 3lst December, 1932... a 566 5 O Ta 
Additions during year . - i 57 15 0 (i6- 
624 0 0 
Entrance Fees } 15 
As at 3lst December, 1932... -. 2327 80 @ i 
Additions during year. . Ks 130 4 0 10 
2357 4 «(0 10 
Protit on Sale of Investments I 15 
As at 3lst December, 1932... “ 3 2 6 
Donations— 40) 
As at 3lst December, 1928... oa 326 5 W 12 
3310 11 
StrupeENtTs’ PrRiz—E AND SCHOLARSHIP FUND. . 5 004 
Researcu Funp ae nv we es 496 15 (M 
MEMBERS’ SUBSCRIPTIONS PAID IN On Ac 
ADVANCE ne < on “n “s 133 17 ¢ 80 
JOURNAL SUBSCRIPTIONS PAID IN On Ae 
ADVANCE - - wie ba _ 413 62 35 
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General Account as i ; ia 22] 6 6 (M 
Research Fund we ea s< 3.6 9 Orrice 
224 13 tion 
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£ s. d £ 
BALANCE AT BANK ON CURRENT AND DeEPosir ACCOUNTS, 

Ist JANUARY, 1933... ne .s ite - pe 898 lk: 
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THE INSTITUTION OF PETROLEUM TECHNOLOGISTS. 


THe Twenty-First ANNUAL GENERAL MEETING of the 
Members of the Institution was held at the House of the Royal 
society of Arts, John Street, Adelphi, on Tuesday, March 13th, 1934, 
Mr. T. Dewuvrst, President, occupying the Chair. 

The Secretary read the Notice convening the Meeting and the 
Auditors’ Certificate. 

Minutes. 

The Secretary read the minutes of the last Annual General 

Meeting, which were confirmed and signed as correct. 


Report of Ballot for Council. 


The Secretary announced that there had been eight nomina- 
tions to fill six vacancies on the Council. Four Members of the 
Council retired and offered themselves for re-election, and four 
new nominations had been received. The result of the election 
was that Mr. Alexander Duckham, Mr. E. A. Evans, Mr. W. E. 
Gooday, Mr. A. C. Hartley, Mr. J. Romanes and Mr. A. Beeby 
Thompson had been elected. (Applause.) 


New Members. 


It was agreed that the list of Honorary Members, Members, 
Associate Members, Students and Associates elected and transferred 
during 1933 should be laid on the table. 

The Secretary read the following list of members elected since 
the last General Meeting, and also the list of nominations :— 


ls Members.—C. Candea, B. H. Moerbeek, William Herbert Simmons. 


is Transfer to Members.—Maurits Julius Bernard de Blank, Alfred 
fhomas White. 


As Associate Members.—Bernard Simon Brailey, Albert Edward Jarrett, 
Douglas Ralph Muschamp Pickard, Cyril Wolferstan Tordiffe, John Buckland 
Williams. 


is Student.—Angus John Perks. 


Annual Report of Council and Balance Sheet and 
Accounts for 1933. 


The President : I have pleasure in submitting for your approval 
the Annual Report of the Council and also the Accounts for the 
year ended December 31st, 1933, together with the Balance Sheet 
on that date. Copies of these have been distributed to all Members 
and, with your approval, will be taken as read. 

At the outset I would state that I deem it a great honour to 
present this Report, for I know how well you are served by your 
Council, the Members of which are wholeheartedly devoted to the 
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interests of the Institution and grudge neither time nor effort 
spent in its service. 

During the year there was a decrease in the total membership 
of only 4, or less than one-third of | per cent. Indeed. including 
the members who had been elected by the end of the year, but had 
not then ratified their membership, the total number increased 
by 13. IL would invite your attention to the chart showing the 
membership since the Institution was founded. There has been a 
striking growth in numbers from the beginning and even the long 
and deep depression through which we have passed is not repre- 
sented by a correspondingly deep depression on the chart. Indeed 
you will see that the depression has merely resulted in a temporary 
arrestment in growth and that already the curve has resumed its 
upward trend. 

The Accounts will be explained to you by Mr. Dalley, the 
Chairman of the Finance Committee. However, | cannot refrain 
from expressing my opinion that the satisfactory position of the 
revenue account reflects great credit on all concerned and _parti- 
cularly so in view of the difficult general economic conditions which 
prevailed during the year. 

Scholarships were awarded at the Royal School of Mines and at 
Birmingham University. I would add that at no time during 
the depression has there been even any thought of discontinuing 
these important awards. 

A special appeal has been addressed to members on behalf of the 
Benevolent Fund. It is particularly during the young and vigorous 
days of the Institution that we wish to build up a substantial fund, 
for as the Institution grows older it is probable that calls on the 
fund will increase in number. 

You will see that the Standardization Committees continued their 
good work throughout the year. However, the bare record in the 
Report of the progress achieved gives little or no indication of the 
very large amount of detailed work carried out by these Committees. 

You will see that during the year the Institution has been well 
represented on other bodies and it is satisfactory that the participa- 
tion and advice of our members is in this way much sought after 
and appreciated. 

Suitable reference is made in the Report to the World Petroleum 
Congress. The Proceedings are now available and a complete set 
of volumes is on the table for your inspection and I am confident 
that you will regard them as a fitting record of that gathering. 
An indication of the success of the Congress is provided by the fact 
that 36 countries were represented and that advance orders fer 
copies of the Proceedings were also received from the same number 
of countries. The Council appreciated the assistance rendered by 
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many members in connection with the Congress, and each member, 
as an integral part of the Institution, rightly shared in the success 
of that gathering. 

Our Journal maintains its high standard and is increasingly 
appreciated. As you all know, the success of the Journal is due 
to the Hon. Editor. Dr. A. E. Dunstan, and the Associate Editor, 
Mr. George Nell. 

The furtherance of research in petroleum technology is perhaps 
the most important function of the Institution and it will be seen 
that during the vear several important items of research were 
supported by grants from the research fund. The Council attaches 
vreat importance to this aspect of its activities and it cannot be too 
widely known that the Research Fund Committee welcomes 
applications for grants in aid of suitable items of research. I may 
add that only this afternoon the Council agreed to contribute 
{25 per annum for three years in aid of an important item of 
research on steels for use at high temperatures. (Applause.) 

A Branch Committee was formed during the year, with 
Mr. Kewley, as Chairman, to establish and maintain closer touch 
with existing branches and to encourage the formation of new 
branches. The map showing the distribution of our members will 
indicate the range of our activities and the possibilities in the way 
of the formation of new branches. The Branch Committee has 
done excellent work during the year and recently its scope has been 
extended to cover the Students’ Section and the possible formation 
of subject groups within the Institution. 

During the vear Dr. Arthur Wade was appointed Hon. Librarian 
and Mr. George Sell Librarian, and these appointments have 
already been thoroughly justified. 

[ would refer to the excellent work carried out by the staff, 
every member of which responded fully to the heavy calls made 
in connection with the holding of the Congress. During the short 
time Mr. Astbury was with us in 1933 he got very quickly and 
thoroughly into his stride. 

[ will conclude my remarks by drawing your attention to the 
fact that, including the inaugural meeting held on March 3rd, 1914, 
this is the Twenty-first Annual General Meeting. and, as befits 
our Coming-of-Age, 1 think it may be claimed that the Report 
and Accounts for the vear 1933, now submitted for your approval, 
testify to the strength and vigour of the Institution and to the 
stature which it has attained. 

| have pleasure in proposing that the Annual Report of the 
Council and also the Accounts for the year ended December 31st, 
1933, together with the Balance Sheet on that date, be and are 
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hereby received and adopted, and I will ask Mr. Dalley to second 
this motion. 

Mr. C. Dalley: In seconding the motion for the adoption of 
the Report and Accounts, I would like to comment very briefly 
on the Accounts. At the last Annual General Meeting, Mr. Adams, 
commenting on an adverse balance, pointed out that in this 
Institution it was not casy always to make the expenditure fall 
within the scope and limit of the revenue, and therefore members 
must not be surprised if sometimes they had a balance in hand— 
that is, a credit, and if sometimes they had an adverse balance— 
or debit. Last year we had an adverse balance of £262. This 
year we have a balance on the other side of £13, notwithstanding 
that the revenue for this year is £385 less. 

In the Revenue Account the item showing a considerable differ- 
ence as compared with last year is ‘‘ Expense of Meetings,”’ which 
is reduced from £192 Is. 4d. to £154 19s. 9d. This is due to the 
lower charge made for the hire of this Hall. It is possible that this 
reduction may not be permanent. The item of “Journals and 
Publications” is this year £558 5s. 1d. as compared to £844 10s. 6d. 
The greater part of this is due to reduced printing charges to which 
the printers have agreed, and in some measure to earnings from 
advertisements. 

There is nothing to comment upon on the Students’ Prizes 
Scholarship Fund, but with regard to the Research Fund the grants 
for research during the period amounted to £9 3s. only as compared 
to £60 15s. granted the previous year. 

Turning to the Balance-sheet, Investments on account of Capital 
remain the same, except for the addition of £125 worth of Great 
Western 5 per cent Consolidated Preference Stock. The deprecia- 
tion of office and library furniture and on library books has followed 
generally the lines of the previous years. Subscriptions, 1932. 
written off represent £64 i4s. 3d. as compared to £52 4s. 6d. 

The President at the last Annual General Meeting mentioned that 
Mr. Adams had shed his mantle. This mantle was in effect the 
procedure which Mr. Adams had so efficiently laid down and 
operated during his period of office, and the Finance Committee. 
in following this procedure and in cutting the largest possible coat 
of expenditure out of the cloth of available revenue, claim to have 
achieved some measure of success. 

Whilst on the subject of the Accounts I should like to take this 
opportunity of reminding all members of the Benevolent Fund 
and of asking them not to lose sight of the fact that now is the 
time to build up our Benevolent Fund and to make it commen- 
surate with the importance of the Institution. 
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With these remarks I formally second the motion for the adoption 


of the Report and Accounts. (Applause. ) 


Sir T. H. Holland remarked that he had not lately had an 
opportunity of attending many of the meetings of the Institution, 
but it was not his fault that the Institution had become fixed in 
a place which was so far away from the centre of culture ! 

There were one or two points in the Annual Report to which 
he desired to refer, although most of the ground had been covered, 
very fairly, by the President. 

In the first place the members congratulated Mr. Dewhurst 
on his re-election to a second year of office as President. (Applause.) 
They also desired to welcome their new Secretary, Mr. Astbury. 
(Applause. ) 

There was one small controversial point he would like to mention, 
and which had been the source of a little annoyance to him, as it 
had occurred when he had been very busy indeed. He had wanted 
to give his views, but there had been no possibility of doing so, as 
the members had been asked to say “ Yes” or * No” on the 
point and had been given no opportunity, therefore, of suggesting 
an alternative. He was referring to the referendum with regard 
to the change in the size of the Journal. The members had been 
asked to say whether they preferred the present octavo size or a 
change over to a quarto size. Personally he thought consideration 
should be given by the Council of the Institution to the selection of a 
choice of size between the smaller octavo now in use and the 
super-Royal octavo. It was a very important point: in fact, 
a Committee of the British Association had sat many years ago 
in order to consider it with regard to scientific publications 
generally. Some scientific societies, like the Royal, had since 
adopted a super-Royal octavo for Proceedings and a quarto for 
the Transactions—the publications which very often required 
lage diagrams. The present small octavo page limited the 
Institution very definitely and very inconveniently with regard to 
diagrams. In between the two extreme sizes there was the super- 
Royal octavo, which would enable a larger number of illustrations 
to be got in. It would give a page a little longer and wider than 
the present one, and, generally, it had been found throughout 
the scientific world to be the most suitable size for publications 
of the kind for Proceedings. The Royal Society, for instance, 
had up to about 1904 the same size of Proceedings as the Institution 
of Petroleum Technologists had now, but they had then changed 
over to the super-Royal octavo. Other societies had adopted the 
super-Royal octavo size, and he was sure if the Council considered 
the matter again they would find some very good reasons indeed 
for changing the present Journal, not to a quarto size, but to the 
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next larger size in octavo. a more general purpose size for an 
Institution that has one publication only. 

Might he also congratulate the Institution and its Council on 
having got through the depression with success and with a steady 
membership. Throughout the depression the Institution had made 
real progress financially. in membership and certainly in quality 
and output of publications. For the latter the members had to 
give thanks to Dr. Dunstan. who really had been a * brick” in 
the way he had done the work. (Applause. ) 

As one of the * country ” members of the Institution he desired 
to support the resolution. (Applause. ) 


The President said that they were much obliged to Sir Thomas 
Holland for his interesting and illuminating remarks. He would 
assure Sir Thomas that the Publications Committee and _ the 
Council would give the closest attention to his valuable comments 


on the subject of the format of the Journal. 


Mr. R. J. Ward raised the question of the use of the Members’ 
200m by sub-Committees of the Institution. 


The President stated that this matter had been considered 
by the House Committee and he assured Mr. Ward that in future 
there would be no objection to members using the room whil 
small committee meetings were in progress. 


The motion for the adoption of the Report and Accounts was 
then put to the meeting and carried unanimously. 


Annual Reports of Students’ Sections. 


The Secretary read the reports of the London and Birmingham 
Branches Students’ Sections. as follows : 


London Branch._-On December 31st, 1933, the Student Members of the 
Institution numbered 99. In the London area seven new Members wer 
elected and a hearty welcome is extended to them; six Members wer 
transferred to other classes and five Members resigned. 

At the Tenth Annual General Meeting the following were clected to serv 
on the Committee: Mr. L. G. M. Roberts, Mr. G. M. Barrett, Mr. W. J 
Gillingham, Mr. A. 8S. Bridgwater, Mr. B. C. Ferguson and Mr. N. C. Fraser 
Mr. A. 8S. Bridgwater was subsequently elected Chairman; Mr. L. G. M 
Roberts Vice-Chairman; and Mr. N. C. Fraser Hon. Secretary. Messrs 
\. B. Cameron and B. 8. Downward were elected to the Committee during t! 
ourse of the year. 


Ten meetings were held during 1933, at which the following events 
took place : 
January, 1933... Paper read by Dr. A. E. Dunstan, D.Sc., F.C.S., F.1- 
(Past President), ** Why Refine Oil 7” 
January, 1933 .. Visit to Anglo-Persian Oil Co.’s Research Station at 
Sunbury. This was followed by the Student Dinner 
February, 1933.. Paper read by Mr. A. 8S. Bridgwater, B.S Student 


Modern Commercial Distillation Plant.” 
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March, 1933 .. Tenth Annual General Meeting, followed by a Paper on 
“Railroad Traction in Relation to the Oil Industry,” 
read by Mr. G. M. Barrett, B.Sc. (Student). 

May, 1933 .. Symposium by Royal School of Mines Students on “ A 
Contrast Between English and American Geology.” 

September, 1933. Visit to the A.E.C. Works, Southall. 

October, 1933 .. Paper read by Mr. J. R. Ratcliff, ‘‘ Measuring Instru- 
ments in the Oil Industry.” 

November, 1933. Paper presented by Mr. C. Dalley, M.LE.E. (Vice- 
President), ‘‘ Some Notes on Production Methods.” 

November, 1933. Student Debate, ‘“ That the Recent Progress of Oil 
Technology has been a Primary Cause of World 
Depression.” 

December, 1933 . Paper read by Dr. F. H. Garner, Ph.D., M.Sc., F.C. 
(Member), “‘ Knock Testing.” 


The Committee regret to state that only one paper was entered from the 
London Branch for the Students’ Medal and Prize, and although Mr. G. M. 
Barrett’s paper received honourable mention, the strong competition from 
Birmingham resulted in the Medal departing from London. It was awarded 
to Mr. R. Chandler. It is hoped that there will be more papers entered from 
London this year. The Royal School of Mines Scholarship was awarded to 
Mr. B. 8S. Downward. 

The Student attendance at meetings has continued to increase and the 
Student contribution to discussion has reached a more satisfactory level. 
The first Branch Dinner was held at the Coventry Restaurant following the 
visit to Sunbury, and the attendance was felt to justify a repetition in 1934, 
when more elaborate arrangements are being made. The two visits were of 
considerable interest and well attended. The debate held in November was 
the occasion of an enjoyable evening, and several maiden speakers showed 
that they should add to the strength of the section in discussion. 

A new and highly efficient screen has been loaned to the Branch through 
the kind offices of Mr. J. Kewley, to whom it is very grateful. 

The Committee feel that the Branch would like to tender its sincere 
congratulations to the Senior Body on the great success of the World 
Petroleum Congress. Many Student Members were to be seen at most of 
the functions and papers. 

The Committee wish to express its thanks to the late Secretary of the 
Institution, Commander R. E. Stokes-Rees, R.N., for the work which he 
did for the Branch and to extend a hearty welcome to Mr. 8. J. Astbury, M.A., 
who has already shown that he will be of the very greatest help to the 
Branch. 

The Committee drew the attention of Council to the decrease in total 
membership of the Branch during the past two years. The matter was 
given very sympathetic and grave consideration, and steps have been and 
are being taken to remedy the situation, and in this connection the thanks 
of the Branch are due more than ever to Mr. Ashley Carter, whose attendance 
and kindly criticism at meetings has been most welcome. 

Finally, the attention of Students is drawn to the informal social gatherings 
which follow papers, and to which all Students and visitors attending papers 
are cordially invited—no previous notice is required. 

(Signed) N. C. Fraser, Hon. Secretary. 

Birmingham Branch.—The Committee has pleasure in presenting the 
Eleventh Annual Report for the year ended December 31st, 1933. 

At the Annual General Meeting the following officers for this Branch 
were elected :— 

Chairman a a - . .. Mr. E. R. Warp. 
Vice-Chairman as ~ ‘a .. Mr. F. R. WEttinas. 
Mr. J. D. Hatt. 
Mr. E. G. Srrsss. 
Hon. Secretary and Treasure: pa .. Mr. L. V. W. Crark. 


Committee 
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al 


During 1933 five meetings were held and the following papers were read :— 


January .. ‘“‘ The Control of an Oilfield, with particular reference to 
Limestone Fields,” by Captain Comins. 

February .. ‘Recent Work on the Chlorination of Hydrocarbons,” by 
Dr. J. Mason. 

March .. ‘Recent Readjustments in the World’s Gasoline Markets,” 


by Mr. R. Holloway. 

‘“* Reclamations of Lubricating Oils,” by Mr. K. E. Binley. 

‘Fuels for Compression Ignition Engines,” by Mr. A. B. 
Cameron. 

May .. “Knock Rating,” by Dr. F. H. Garner. 

“ Bubble Tower Design,”’ by Mr. R. Keach. 

“ Investigation of Oilfield Waters,” by Mr. A. H. Radijy. 

“‘ Cracking,” by Mr. F. Mayo. 

“‘ Heat Transfer for Fluids in Turbulent Flow in Pipes,” by 
Mr. R. Chandler. 

The attendances were consistently good throughout the year, averaging 
20 Members and visitors. 

Eight papers were entered for the Students’ Medal and Prize from this 
Section, and the paper submitted by Mr. R. Chandler, entitled ‘‘ Heat Transfer 
for Fluids in Turbulent Flow in Pipes,” was awarded the Students’ Medal 
and Prize, and that submitted by Mr. R. V. Browne, entitled ‘* Salt Domes,” 
was commended. ; (Signed) L. V. WoopHovuseE Ctark. 


3rd March, 1934. 


The President said he was sure the members would agree 
that the foregoing reports recorded satisfactory progress during 
the year, and reflected great credit on the Chairman, Hon. 
Secretary and the Committee of each of the two branches of the 
Students’ Section. 


Annual Reports of Branches. 
The Secretary read the annual reports of the branches in 
Rumania, Trinidad and South Wales, as follows :— 


Rumanian Branch.—The Committee have pleasure in presenting the 
Seventh Annual Report for the year ending January 3lst, 1934, together 
with the Accounts to that date. 


REVENUE ACCOUNT FOR THE YEAR ENDING JANUARY, 1934. 
RECEIPTs. 
Lei. 
Balance on Hand—October 2Ist, 1932 .. i - wi 7,084.— 
EXPENDITURE. 

Lei. 
Expenses of Reporter at Meetings 7 ee .. 1,000.— 
Annual Dinners : ae ~ na ee -. 1,650.— 
Postage aa - “sé dis - o« -. 1,446. 
Printing os ia ie ~~ - a sad 262.— 
Telegram to London - “% wa és os 514.— 
Book-case, Frame for Picture and Duty on Books 1.446. 
Miscellaneous Expenses... _ va “ ie 320. 
Balance on Hand .. ang ee ax - sia 547. 


Tora “a ia ua 7 ad Lei 7,084. 7,084.— 


——— 
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The following is a list of Members showing in the Branch Register :— 
Hon. Members ; oe l 


Members .. ae ab is a a -- 3 
Associate Members - eis on os o = 
Students .. o ‘a oe 4 va el 2 

ToTaL .. oe 7 on - i = 


This is an increase of three Associate Members, as compared with the 
membership of a year ago, and a decrease of one Associate, and an increase 
of two in the total membership of the Branch. The average attendance of 
Members and visitors at the meeting for the year was 30. 

The Sixth Annual Meeting was held on October 28th, 1932, at which the 
Sixth Annual Report was adopted. Messrs. Capt. T. 8S. Masterson, D.S.O., 
and Ion Edeleanu retired, and Mr. Ion Edeleanu stood for re-election ; no 
new nominations were received and Mr. Ion Edeleanu was re-elected without 
opposition, no ballot being necessary. 

Mr. Colin M. Leitch was co-opted as a Member of the Committee on 
November 16th, 1932, to fill the vacancy caused by the retirement of 
Capt. T. S. Masterson, D.S.O. 

Four General Meetings of the Branch were held during the year, and 
the following papers were read and discussed :— 

THe Tutrty-SEVENTH GENERAL MEETING, October 28th, 1932— 

“Some Observations on the Study of an Oilfield,” by J. W. Weil. 

Tue Turrty-E1gHtH GENERAL MEETING, November 18th, 1932— 

“ Anatomical Study of Oilfield Structure,”’ by C. M. Pollack. 

Tue Tutrty-NINTH GENERAL MEETING, June 23rd, 1933— 

“The Oil Man and the Auditor,”” by W. Kerr. 

Tue FortTIeETH GENERAL MEETING, November 3rd, 1933— 

“Oil Burners and their Domestic Use,’’ by Messrs. A. C. Costa-Foru 
and E. Balley. 

The Sixth Annual Dinner was held on February 3rd, 1933, under the 
Chairmanship of J. L. Chaillet ; 43 Members and guests were present. 

The Seventh Annual Dinner was held on December 9th, 1933, under the 
Chairmanship of J. L. Chaillet ; 68 Members and visitors were present. 

The Committee of the year consisted of the following Members: J. L. 
Chaillet (Chairman), Capt. J. E. Treacy (Treasurer), F. W. Penny, Percy R. 
Clark, Ion Edeleanu, Colin M. Leitch, C. R. Young (Honorary Secretary). 

The Committee wish to record their thanks to the Chamber of Commerce, 
Ploesti, for the use of their Hall for the meetings of the Branch, and 
Mr. Davison for acting as Secretary. 

On behalf of the Committee, 
(Signed) C. R. Youne, 
Honorary Secretary. 


Trinidad Branch.—During the year, in addition to the Annual General 
Meeting, four meetings were held, at which the following papers were read : 
November 30th, 1932 ‘‘ A Contribution to the Knowledge of Sedimentary 
Fifth A.G. Meeting.) Volcanism in Trinidad,” by Dr. H. G. Kugler, Ph.D. 


January 25th, 1933. ‘‘ Diesel Engines and Recent Developments,” by 
W. I. Malcolm-Brown, B.Sc. 
March Ist, 1933. .. ‘Some Notes on Drilling Muds,” by P. Meyer, 
B.Sc. 
March 29th, 1933 .. ‘Gravity and the Driller,” by Lieut.-Col. the Hon. 
; H. C. B. Hickling, D.S.O., M.C. 
April 26th, 1933. .. ‘‘ Some Considerations Affecting the Spacing of Oil- 


; wells,” by M. A. ap Rhys-Pryce, B.A. 

The average number of Members and visitors attending the meeting 
was 34. At October 3lst there were 38 Members on the roll of the Branch, 
Which includes six new Members and six Members returned to residence in 
the Colony. 


T2 
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The Committee have to record with regret the loss to membership of this 
Branch and to the Institution by one of its Associates, in the death of Mr 
Michael Hamel-Smith, which occurred on November 2nd this year. 

The Third Annual Dinner was held at the Queen’s Park Hotel, Port of 
Spain, on October 21st, at which the Branch was honoured by the presence 
of H.E. the Governor, Sir Claude Hollis, K.C.M.G., C.B.E. 

The number of Members and guests in attendance was 100. 

The Accounts for the period under review have been audited and are laid 
on the table. 

The Committee again wishes to place on record the thanks of all Members 
to Messrs. Middleton and Walsh, the auditors, for their services to the Branch, 
and to Apex and Pointe a Pierre Clubs for the use of their rooms during the 
past session. (Signed) G. H. Scorr (Chairman). 

R. N. Krrpy (Acting Hon. Secretary). 


REVENUE ACCOUNT—YEAR ENDING OCTOBER 3lst, 1933. 
RECEIPTS. 

Quarterly Grants from London ... oe se oe ‘a -- $115.20 

Enrolment Fees, new Members 6 ui a ive in =~ 6.00 

Balance, being Deficit for Year... éé 7 - il ae 20.50 
$141.70 

EXPENDITURES. 

Stenographer’s Remuneration a : ma .. $75.00 

Stationery, Printing and Sundries. . wi Ka _ 31.74 

Postages, Telephones and Cable .. 6 int - 14.97 

Loss on Third Annual Dinner is - wid - 19.73 

Cost of Draft. . os — - - x - .26 


$141.70 $141.70 


Dr. BALANCE SHEET. 
Surplus Brought Forward as per last Account .. ox _ .. $657.41 
Less Deficit as per above Account : ke 20.50 
Cr. $37.01 
Balance at Bank on he el “s a oo CBI 

$37.01 $37.01 


(Signed) G. H. Scorr (Chairman). 
R. N. Krrsy (Acting Hon. Sec. and Treas.). 
F. MrppietTon and D. M. Watsu (Auditors 


South Wales Branch.—The membership of the South Wales Branch, 
formed some years ago, had been steadily falling, due to the diminishing 
number of Members residing in the area. 

It was decided this year, therefore, to extend the local membership without 
imposing the condition of joining the parent body immediately. This move 
has been successful in obtaining and retaining so far a membership of 70 of 
more, and has, in fact, revitalised the section. 

Prior to this move the first meeting for this year was a joint one with tw 
other scientific societies in Swansea, i.e., the South Wales Branches of the 
Society of Chemical Industry and of the Institute of Chemistry. 

Mr. Thornton gave a paper on “ The Extraction and Refining of Paraffin 
Wax,” which resulted in quite a good discussion. Twenty-five of our Members 
attended this meeting. 

On December 14th the first meeting under the new extended membership 
conditions was held under the Chairmanship of Mr. W. C. Mitchell and 
attended by Mr. 8. J. Astbury, the new Secretary. 
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After suitable inaugural addresses by the Chairman and Mr. Astbury, 
Dr. Dunstan delivered an entertaining lecture dealing with his impressions 
of oil refining in the United States, collected during his recent visit there. 

We were fortunate in having Dr. Dunstan a second time to show us the 
films of Persian and Iraq operations and to talk about production in general 
before the joint local branches of the Petroleum Technologists, the Institute 
of Chemistry and Society of Chemical Industry in Swansea. 

We next had a very interesting lecture, enlivened by considerable humour, 
from Mr. Hathaway, one of the National Oil Refineries staff, dealing with 
“Reminiscences of Coal Tar Refining in Comparison with Oil Refining.” 
This again was followed by an interesting discussion in which seven or eight 
Members took part. 

The next lecture was from Mr. Kewley, dealing with his reminiscences 
over some 25 years of experience, and we are to wind up the session by a 
lecture from Mr. Slee, who is an acknowledged authority on the application 
of oils for general purposes. 

This session the interest has been well maintained, and we look forward to 
a large number of meetings of general interest next session. 

(Signed) W. C. Mrrcnett (Chairman). 
E. THornton (Hon. Secretary and Treasurer). 

The President remarked that Mr. Kewley was always impatient 
to see rapid progress made in whatever he undertook, but he thought 
that even he, as Chairman of the Branch Committee, was satisfied 
with the progress recorded in the reports just read. Personally, 
he would express the hope that in a few years time a much greater 
proportion of the time of the Institution’s annual meetings would 


be taken up with the reading of Branch Reports. 


Election of Auditors. 
Dr. T. Sutton Bowman proposed that Messrs. Price, Water- 
house & Co. be re-elected as auditors for the ensuring year. 
Mr. Charles Dabell seconded the motion, which was carried 
unanimously. 
This concluded the business of the Annual General Meeting, 
and the proceedings were then thrown open to visitors. 


Presidential Address. 
The President then delivered his Presidential Address, as 
follows :— 


Some Observations on the World’s Petroleum 
Resources. 
By T. Dewnurst, A.R.C.Sc., F.G.S. 

The selection of a subject for this address has been rendered 
somewhat difficult by the speaker’s success in inducing his 
geological colleagues and friends to contribute to the World 
Petroleum Congress most excellent papers on the very subjects 
with which he is best acquainted. 

The future of petroleum technology depends on fundamental 
considerations, most of which are also applicable to other subjects 
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and usually are taken for granted. However,-there are two import. 
ant considerations which apply especially to our subject. The 
first of these is the maintenance of the value of the products of 
petroleum. It has been argued that the possibilities of science 
are such that new sources of power will be discovered and developed 
and that unlimited supplies will be available to posterity and 
therefore that the present generation can exploit the oil resources 
of the world without taking thought for the morrow. This 
argument is probably fallacious, for even if new sources of power 
were discovered and made available, it need not follow that they 
would make serious inroads on the consumption of petroleum 
products. Former predictions to the effect that electricity would 
kill the gas industry have been falsified by events and, despite 
the electric bulb and the gas jet, the candle continues to bum 
ever more brightly. Moreover, the argument based on future 
possibilities includes petroleum itself and research may well reveal 
new uses for petroleum products and even new valuable products 
themselves. A chemist and an engineer would be needed to do 
justice to this subject, but even a geologist may express the opinion 
that, whatever else may happen in the future, the products of 
petroleum will retain a very considerable value and will be 
irreplaceable for their own special uses. 

The second consideration is that of the maintenance of adequate 
supplies of crude petroleum and, as this is a geological subject, 
it is proposed to discuss it more fully. Certain statements which 
have been made in regard to petroleum resources have already 
proved to be very inaccurate, but this is not surprising in view 
of the difficult and unknown factors involved in the problem. 
It does not follow that it would be wise to discontinue the estimation 
of resources ; rather is it desirable to learn more of the factor 
involved so that estimates may improve in accuracy until they are 
sufficiently sound to enable the industry, the consumers through- 
out the world, and all societies and institutions connected with 
petroleum to see how they stand in regard to this important 
matter of future supplies. 

Estimates of proved resources should be confined to the 
recoverable oil of producing fields and of geological structures it 
which paying production has been proved to exist. Estimates 
of unproved but probable resources should be limited to those 
of promising outside areas situated in oil-belts which contail 
producing oilfields. Opinions or guesses as to mere possibilities 
should refer to regions in which geological conditions appea 
favourable to the occurrence of oil in quantity, but in which 
paying oil production has not yet been proved to exist. 

An estimate of the world’s proved oil reserves was made about 
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a year ago by Mr. V. R. Garfias. He defined proved oil reserves 
as “ the oil that yet remains underground in the producing fields 
and their logical extension.” His table of proved reserves is as 
follows :— 
Proved reserves. 
(In millions of barrels.) 


United States .. is es vs .. 12,000 
Russia .. a a oA aa ‘sn 3,000 
Iraq ne 43 re a ‘a - 2,500 
Persia .. MA a _ na - 2,200 
Venezuela “s , on = ‘a 2,000 
Dutch East Indies .. ei ‘n ih 1,000 
Rumania am oa wa ne a 500 
Colombia xe . ee + ca 400 
Mexico .. * ae ‘% aa as 300 
India - 7 oe a - a 100 
Peru <a = ns a - 100 
Argentina 4 ‘a os - we 100 
Trinidad. . ig - - os on 90 
Poland .. ois 7 ée - oa 50 
Japan .. se ea ie oe “9 40 
Sarawak.. a a ae sa = 30 
Canada .. ai ae se - _ 10 
Egypt .. i ee - om ee 10 
Germany “3 = ee o oe 10 
Ecuador. . a = oa ea és 10 
France a a Ue aA aa 5 
Others .. rs ea - a a 10 

Total pee ‘a ei .. 24,465 


At the present rate of world production this reserve would last 
for about 174 years. 


Owing to the difficulty of estimating even proved oil reserves, 
reference will be made to some of the considerations involved 
in the problem. Even in the case of well-developed oilfields, it is 
not altogether an easy matter to estimate future resources. Good 
oilfields, like good mines, die hard, and as yet there are not many 
dead oilfields available for post-mortem examination and as a guide 
to the estimation of the resources of existing fields. Moreover, 
the number of oilfields, particularly of the oil-sand type, of which 
the vertical and lateral limits are known precisely, is probably not 
large. It is surprising that, in the case of some old oilfields, it has 
not yet been possible to prove the total number of oil-sands present 
nor even the lateral limits of the proved sands. The principal 
reason for this position is the astonishing development of drilling 
technique in recent years. Not many years ago about 3000 feet 
was the limit of drilling depth, whereas nowadays there are many 
wells producing at depths of from 5000 feet to 8000 feet, and even 
at greater depths, while several wells have been taken to depths 
of well over 10,000 feet. The technique of these achievements 
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is of universal application and must have rendered accessible very 
large reserves of oil which formerly were considered to be 
unrecoverable ; it would, of course, be foolish to imagine that the 
final limit of drilling depth has been reached. 

The vertical range of the oil-sands in a field may be narrow. 
The oil series may be thin or only the lower portion of the series 
may be concealed in a structure. There are many anticlines in 
which the greater part of the oil series is exposed on the flanks. 
In other cases the oil reservoir rock may be a single limestone 
stage lying at a shallow or moderate depth. If in such cases there 
is enough evidence to indicate the lateral limits of the oilfield, 
it is possible by several methods to obtain a useful estimate of the 
total volume of oil recoverable by wells. A method used by the 
speaker is to prepare two figures, as follows. On Figure 1 the total 
number of productive wells drilled to the end of each year is 
plotted in the form of a curve, the total number of wells required 
to drain the field estimated and the curve completed by assuming 
the annual rate of drilling up the remainder of the field. A second 
curve on the same figure is based on the total number of productive 
wells abandoned at the end of each year and the curve is com- 
pleted after assuming the length of the “life” of the last 
productive well to be drilled on the field. From these two curves 
it is possible to read off the number of wells which will produce 
each year throughout the remaining “life”’ of the field. On 
Figure 2 a curve showing the average production per well per 
annum for past years can readily be plotted and the curve extended 
to the date of exhaustion of the field. From the two figures it 
is an easy matter to obtain the annual productions for future 
years and therefore the total recoverable oil. 

It is much more difficult to estimate the total volume of 
recoverable oil in the case of those multi-zone oil-sand fields in which 
testing has not yet proceeded sufficiently far to prove the total 
number of oil-sands present. In these cases one of the usual 
methods of estimation, or that given above, can be applied to 
the proved oil-sands. General geological considerations may 
throw much light on the prospects of proving deeper oil-sands 
and may even allow of a fair guess being made as to the number 
of such sands. It can then be assumed that, as regards recoverable 
oil, the unproved sands will be similar to the higher producing 
sands. In this way a rough but useful guess can be made of the total 
recoverable resources of the field. 

In the case of new and fairly new fieids in which oil-sands have 
been proved to exist, but in regard to the productivity of which 
there is very little evidence available, it may be necessary t 
adopt the “saturation” method of estimation, although this 
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method may involve assumptions as to the number, aerial extent, 
thickness and porosity of the oil-sands and of the proportion of 
the oil-content which will prove to be recoverable. 


In recent years there have been remarkable advances in oilfield 
development, all of which help in increasing the recoverable 
resources of oilfields. During the economic depression it has 
been necessary to operate oilfields in the most economical manner 
possible and this has reduced the economic limit of production 
of wells. This will extend the period of old age in the “ lives ” of 
individual wells and thus lead to greater total oil recovery. 
However, in regard to the economical running of oilfields, it is 
necessary to take a broad and sound view of operations. It may 
be pointed out that certain practical applications of petroleum 
geology, such as correlation of wells, estimation of cementing 
depths, examination of cores, preparation of drilling and deepening 
programmes, ete., are obviously of immediate economic value, 
and therein lies the risk that undue importance may be attached to 
them. It is therefore emphasised that a paleontologist examining 
fossils or a petrologist examining mineral slides may be carrying 
out work which has a much higher cash value than have the 
more obvious economic applications of petroleum geology. Indeed, 
the most valuable man on an oilfield might well be a geologist 
who had nothing whatever to do with day-to-day operations, but 
whose whole work was concentrated on the purely scientific 
elucidation of the detailed stratigraphy and structure of the field. 

Increasing collaboration of geologists, chemists, physicists, 
production engineers, drillers and other technologists engaged in 
oilfield development is bound to lead to much greater efficiency 
in the winning of oil and to large increases in the petroleum 
resources made available. 

In some oilfields there are both cheap and expensive sources 
of production, and it should be possible to increase total recovery 
from such fields by concentrating on the exploitation of the 
expensive sources of production during periods of high prices for 
oil products. This policy would have the advantage of leaving 
relatively cheap production to be obtained during less fortunate 
economic periods. 

In recent years there has been rapid development of instru- 
mental and mechanical aids to the acquisition of data regarding 
the concealed strata of oilfields. It is unnecessary to dilate on 
the large amount of lithological, petrological, paleontological and 
structural evidence which has been revealed by coring. It should, 
however, be mentioned that, in some fields, core evidence has 
indicated that faults are of much more frequent occurrence than 
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had been suspected, even as a result of the most careful and 
detailed mapping of the surface geology. 

Cores have thrown much light on the general structure of anti- 
clines, and this subject is, of course, bound up with that of future 
oil resources. In general, it may be stated that anticlines have 
proved to be more asymmetrical than was formerly indicated 
even by the most careful section construction based on surface 
dip evidence. This result is not surprising, as there was no sub. 
stantial justification for the old text-book division of anticlines 
into two classes, symmetrical and asymmetrical. It is unreason. 
able to expect earth movements which have a strong lateral 
component to produce anticlines with vertical axial planes. Cores 
have shown that many anticlines which are only slightly 
asymmetrical at and near the surface are much more asymmetrical 
at depth; indeed, it is surprising in how many anticlines there 
is a reversed fault or a thrust cutting out part or the whole of 
the middle limb. One of the results of this marked asymmetry 
is that deep sands can only be reached by wells located far down 
the flank, thus increasing the amount of dead drilling to be done. 
Marked asymmetry, usually accompanied by reversed or thrust 
faulting, therefore tends to limit the productive part of an anti- 
cline to a roughly triangular block bounded by the surface of the 
ground, the reversed or thrust fault and, in ordinary cases, 4 
vertical line from the surface either to the lateral limits of the oil- 
pools or to maximum drilling depth and, in special cases, to the 
point at which even beds on the productive flank are cut out by 
the reversed fault or thrust. The importance of the consequences 
of marked asymmetry will be realised more and more as deep 
drilling proceeds. They are, of course, adverse factors in so far 
as the recovery of petroleum is concerned. It would therefore be 
unwise to assume, other things than asymmetry being equal, 
that, in future, oil-pools situated between depths of, say, 5000 feet 
and 10,000 feet will yield as much production as oil-pools between 
the surface and 5000 feet. 

In special cases strong earth movements may help in the 
migration of oil. Indeed, in studying the subject of oil migration, 
consideration should be given to all the earth movements to 
which the source beds have been subjected subsequent to their 
deposition. Evidence has come to light in one or two regions 
which indicates that oil, primarily held in Eocene limestones, 
has subsequently migrated vertically for considerable distances 
into younger beds, due to fracturing of the strata as a result of 
very severe Pliocene earth movements. In this way a certain 
amount of very deep oil may have been rendered accessible to 
the drill. Vertical migration of oil in the manner indicated is more 
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likely to occur in limestones and calcareous sandstones which 
fracture readily, than in the case of softer clays and shales and 
uncemented sandstones. 

One has only to glance through a book such as “ Deep Bore Hole 
Surveys and Problems,’’ by H. M. Haddock, to realise the amount 
of work which, in recent years, has been directed to the invention 
of inclinometers designed to determine the amount and direction 
of deviation from the vertical of both cased and uncased wells. 
Results of deviation surveys are useful in oilfield work, but their 
main value lies in ensuring proper well spacing in the oil-sands. 
Directional surveys reveal gaps in the existing well spacing 
and show the way to the drilling of additional infilling wells which 
result in more thorough draining of the oil-sands. On the other 
hand, the results of numerous directional surveys have indicated 
that the direction of deviation is controlled mainly by the geological 
structure, holes tending very strongly to deviate up-dip and in the 
direction of the true dip of the strata. It follows from this 
tendency that oil-pools are not quite so extensive as would appear 
from the surface positions of marginal wells. 

In recent years there has been much discussion of oilfield 
development schemes. The desirability of developing each and 
every oil-pool as a unit is universally accepted in principle and 
is practised wherever possible. This development alone will add 
greatly to the world’s recoverable resources. 

At the first Empire Mining and Metallurgical Congress, held 
in 1924, the speaker advanced the policy of the marginal develop- 
ment of oil-pools, that is, creeping development inward from 
near the oil/water margin of a pool. Since then much evidence 
has come to light regarding the artificial increase of natural gas- 
caps, and of the formation of artificial gas-caps, in the course of 
the development of oil-pools. This later evidence confirms the 
wisdom of keeping away from the gas area, and suggests that, 
from the theoretical point of view, the development of a pool 
should be concentrated at and near the contour at which the 
expanding gas-cap and the edgewater will eventually meet. How- 
ever, as the position of this contour is unknown, and as in most 
cases the gas-cap expands very rapidly indeed compared with the 
rate of inward advance of edgewater, the result from the practical 
point of view is that development should be marginal. It is to 
be expected that, in course of time, advancing edgewater 
would cleanse the oilsands and sweep an ever-increasing flood of 
oil inward, and it follows that development would also advance 
inward in order to strip the pool of as much recoverable oil as 
possible. 

In the case of old fields, in which the oil-pools are perforated 
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by wells situated in all parts of the structure, it is too late to 
apply the policy of marginal development in its entirety, but 
even in such cases partial application of the policy is advisable. 
An obvious step will be to plug off all wells situated high on the 
structure which give small oil production and large gas production. 
lf the pressure in the oil-sands is very low, as is to be expected, 
much good can be done by injecting gas to repressure the sands 
and by applying back pressures as necessary to prevent undue 
by-passing of gas via the outlet wells. 

The pressure in an oil-pool can be prevented from falling too 
rapidly, or increased in the case of old pools, by injecting gas into 
wells which are situated highest on the structure. The value of 
repressuring oil-sands is now widely recognised, and accordingly 
the old, diametrically opposed and unsound method of applying 
vacuum, which indeed amounts to applying a cause in order to 
remove its effect, is more and more falling into disrepute. 

In the future there may be important developments in the direc. 
tion of obtaining much residual oil from old fields which no longer 
yield paying production by ordinary methods, and in this connee- 
tion it is interesting to note that in regard to the United States 
alone, the Committee of Eleven of the American Petroleum Institute 
estimated in 1925 “ that after pumping and flowing there will remain 
in the area now producing and proved 26,000,000,000 barrels of 
crude oil, a considerable proportion of which can be recovered 
by improved and known processes such as flooding with water, 
the introduction of air and gas pressure and mining, when price 
justifies.” 

The difficulty of estimating the proved oil resources of the world 
is small compared with that of forming a sound opinion of the 
unproved resources. The best-known attempt to estimate the 
total petroleum resources of the world was that made in 1919 
by Eugene Stebinger, the then chief of the Foreign Mineral Section 
of the United States Geological Survey. Stebinger assigned unit 
value to the oil resources of the United States, and expressed the 
resources of the other principal oil regions of the world by relative 
figures. These figures were then converted into barrels of ail 
by estimating the value of unity, that is, the oil resources of the 
United States, at 7,000,000,000 barrels. Stebinger could not, 
in 1919, foresee the tremendous discoveries which subsequently 
were to be made in Texas and other parts of the United States. 
The result is that since 1919 that country has produced about 
11,000,000,000 barrels of oil, about 4,000,000,000 in excess of 
Stebinger’s estimate, and is still producing at the rate of about 
900,000,000 barrels per annum. The opening up of enormously 
rich new areas in the United States cannot continue indefinitely. 
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Indeed, that extraordinary phase may be nearing its end, after 
which there will be an enormous and permanent drop in the flowing 
oil production of that country. 

In view of the above result in the case of the United States 
it is perhaps unnecessary to consider separately Stebinger’s esti- 
mates for other oil regions. However, it may be pointed out 
that his estimate of the total oil resources of the world was about 
43,000,000,000 barrels. Owing to developments in the United 
States alone, this estimate should be increased to about 
58,000,000,000 barrels, and, as the total oil production of the 
world since 1919 has been 16,000,000,000 barrels, this would leave 
42,000,000,000 barrels still to be recovered or about 30 years’ 
supply at the present rate of production. Had Stebinger’s estimate 
of the resources of the United States not been far too low, it is 
possible, and even probable, that his estimate of the total oil 
resources of the world would have been much too high, that is, 
his estimate for the whole world may prove to be more accurate 
than his estimate for the United States alone. 

Even in regard to proved oil belts, it is an extremely difficult 
matter to form a rough but true opinion of the probable oil content 
of outside areas which have not been tested by the drill. Detailed 
geological mapping of the areas and of the regions in which they 
occur, combined with careful palaeontological work, and with 
sedimentary petrography in areas where fossils are scarce, will 
usually disclose the positions of the lowest horizons exposed with 
respect to the oil series of the region, and the nature of the under- 
ground structures of the areas can be determined approximately. 
In belts containing producing fields, much will be known regarding 
the oil series and careful comparison of the geology of the outside 
areas with that of the known oilfields will be of great assistance 
in attempting to form a sound view of the prospects of the areas. 
One of the most important considerations is that of the positions 
occupied by outside areas with reference to the general geological 
structure of the oil belt. There is a large and increasing amount 
of evidence which indicates that oilfields are in migrational connec- 
tion with the richer parts of geosynclines. Examples of this 
relationship will occur to all petroleum geologists present. Inter- 
esting cases are known of excellent geological structures in which 
known oil horizons, rich elsewhere, are concealed and within 
easy reach of the drill but which, nevertheless, are quite barren 
of oil for the sole reason that they are “ shadowed ” by other 
structures containing oil which intervene between them and the 
axis of the geosyncline. This dependence on migrational connec- 
tion with the original area of rich oil formation very considerably 
restricts the number of areas in an oil belt which are likely to 
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become oilfields. Study of this subject of migration suggests 
that the floors of geosynclines are usually not flat nor uniformly 
even, but are corrugated with the formation of basins and inter. 
vening saddles. Although oil may have been formed throughout 
the greater part of a geosyncline, it is suggested that the basins 
are the richest in oil and even that it is only in the centres of the 
basins that oil was formed in the very large quantities require 
for the subsequent formation of rich oilfields at the summits of 
the bordering structures. 

The most difficult, abstruse and speculative part of this subject 
is that of the possibilities of opening up new regions in which 
the existence of paying oil production has not yet been proved. 
Dr. David White expressed the view that Stebinger’s estimates 
did not take into account certain regions of the world which might 
prove to be oil-bearing in future, and, following a review of these 
areas, he concluded that the estimates should be increased by 
about 20,000,000,000 barrels. This amount, added to Stebinger’s 
estimates as corrected for the United States, gives 78,000,000,000 
barrels as the total petroleum resources of the world in 1919. The 
unproduced portion of this oil would last until 1977 at the present 
rate of production. 

Only a very rough but useful guess is possible in respect of new 
regions, and this must rest on sound views regarding the origin, 
migration and accumulation of petroleum. Unsound views on 
these subjects, and particularly in regard to the origin of oil, 
would lead to fantastic views regarding the petroleum resources 
of large and, at present, unproductive regions. Not many years 
ago every text-book on petroleum recapitulated about half a dozen 
hypotheses to explain the origin of oil. These were the emanation 
hypothesis, the several carbide hypotheses, the volcanic hypothesis 
and the various organic hypotheses which restricted the source- 
material to the remains of special forms of life such as terrestrial 
vegetation, fish, diatoms, etc. The authors usually concluded 
by stating that these hypotheses illustrated the various means 
by which nature attained one and the same end. For some years 
there has been a welcome and significant silence on all but two 
hypotheses. One of these, widely held in the United States, 

assumes that oil was formed by heat and pressure from organi 
matter entombed in sediments. This hypothesis suggests that 
most sedimentary rocks contain oil, and if this were true it would 
indicate enormous possibilities in the way of opening up new 
oilfield regions. However, there are in many countries rocks 
which are rich in fossil remains and which must have been sub 
jected to considerable pressures and even temperatures for long 
geological periods and yet do not contain oil in quantity. More- 
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over, significant cases occur in which valuable oil measures are 
underlain by strata, rich in organic remains, which however do 
not contain oil despite the fact that they have been subjected to 
greater pressures and temperatures, and for longer periods, than 
have the overlaying oil measures. Over the greater part of the 
sedimentary regions of the earth, the older sedimentary rocks, 
which have been subjected to the greatest pressures and tempera- 
tures, and for the longest periods of time, are not those which 
are richest in petroleum. On the contrary, it is the relatively 
new Tertiary strata, and particularly those which are so placed 
as to have been protected from the worst effects of earth move- 
ment, and therefore of pressure and heat, which are richest in 
petroleum. 

It is to be feared that petroleum is much more limited in its 
distribution than would appear on the basis of this hypothesis, 
and that its formation was restricted mainly to bio-chemical 
decomposition of organic matter deposited in stagnant sea areas 
which were cut off from oceanic circulation. This hypothesis 
would limit formation to inland and semi-inland seas, lagoons, 
sheltered gulfs and bays, etc. It is therefore not surprising that 
the richest accumulations of petroleum are found in geosynclines, 
and in this connection the papers read at the World Petroleum 
Congress on “ The Geological Significance of the Regional Distribu- 
tion of Oilfields ’’ are of much interest. However, it should not 
be assumed that geosynclines are uniformly rich in oil throughout 
their length and breadth. It has been indicated that it is usually 
only in the basins, and, moreover, in the centres of the basins, 
that oil has been generated in quantities large enough to form rich 
ilfields at the summits of the nearest and most favourable struc- 
tures. Rich oil-bearing regions are therefore restricted in size and 
are of unusual occurrence. 

Optimum oil forming conditions may have occurred at several 
stages during the infilling of a geosyncline but, in some cases, 
there is only one series capable of supporting rich fields. In this 
connection it is noteworthy that a tripartite arrangement of the 
strata is a common feature of oil-field regions. There is usually 
a thick basal or foundation series consisting of deep water strata, 
tither limestones or clays and shales. The middle series is usually 
tither a flysch or a saline series with unconformities, while the 
ippermost member is usually a thick series of fresh-water beds. 
Geologists present will at once recognise this characteristic tripartite 
rangement of the strata of many oil-field regions. The founda- 
tion series was formed under deep or relatively fairly deep water 
‘onditions of deposition and usually does not contain indigenous 
il in quantity. The upper fresh-water deposits are also devoid 
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of original oil. It is the middle series, formed under relatively 
shallow marine conditions, which usually constitutes or contains 
the original oil measures. 

The above considerations indicate that special and favourable 
conditions require to be fulfilled before a region becomes richly 
oil-bearing. It follows that it is necessary to ascertain that these 
conditions have been present before favourable opinions are formed 
of the prospects of opening up new oil producing regions. 

Enough has been said to indicate the great difficulties in the 
way of forming a sound opinion in regard to the petroleum resources 
of the world. The task is, of course, beyond any one geologist 
or of any group of geologists who are familiar with only a section 
of the world’s oilfields and oil-bearing territory. However, 
sound estimates could be prepared if geologists located in all 
parts of the world would prepare and submit estimates of the 
resources of the regions with which they are familiar. It is 
therefore suggested that this important matter should form 
the subject of a symposium at the next World Petroleum Congress. 
If sufficiently large regions were taken as units, the publication 
of the information could not be to the advantage or detriment of 
any one particular oilcompany. For example, a figure representing 
the total oil resources of Canada would be of no particular value 
to anyone wishing to take up a concession in that country. On 
the other hand, the conclusions of such a symposium would be of 
great value in enabling the oil industry, the consumers of petroleum 
products throughout the world and all Societies and Institutions 
connected with petroleum to know how they stand, and how they 
will stand in future, in regard to this important subject. More- 
over, periodic revision of the estimates would be necessary if they 
were to retain their value for any considerable period of time. 
It is therefore suggested that the results should be revised at 
further meetings of the Congress. Triennial revision of the 
estimates would lead to the acquisition of the most reliable figures 
obtainable in regard to this important subject. 

In regard to the formation, migration and accumulation of 
petroleum, it is difficult enough to deal with past geological events 
without troubling as to what may be happening now and may 
happen in the future. The only reason for referring to this matter 
is that occasionally references are made to the possibility of natural 
replenishment of the earth’s stores of petroleum. It is conceivable 
that in the somewhat distant future a little additional secondary 
migration of oil may take place owing to further earth movements. 
Indeed, it is possible that after a very long period of time, earth 
movement and denudation will bring within reach of the dril 
very deep oil deposits which are situated in the central parts of 
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oil belts. There is no need to speculate as to the still more distant 
future, and even if one did it would be necessary to remember 
that in special cases geological history does not repeat itself, and 
that even if it did so in the case of petroleum the time factor alone 
would put the matter out of court. 


In view of the subject matter of Dr. Wade’s paper at the World 
Petroleum Congress, it may be added that it seems very difficult 
to fit in the subject of the formation of petroleum with any of the 
major hypotheses regarding the earth. Considerations of isostasy 
do not lend support to the orthodox hypothesis of the former 
foundering of enormous continents, while it is a suspicious circum- 
stance that modern hypotheses of continental drift and spread 
are supported by many unverifiable assumptions regarding the 
physical condition of the lower parts of the earth’s crust and of 
the material on which it rests. The speaker inclines to the view 
that the structure of the crust of the earth resembles that of a 
spheroidal checkerboard with the squares badly distorted and 
that certain existing continents were formerly linked by relatively 
narrow land bridges. However, this conception is perhaps too 
hypothetical to throw any light on what happened in the past, 
and on what is likely to happen in the future, in regard to petroleum. 
Indeed, it is possible that the forces required to produce big 
geological changes may now be largely spent, and that we have 
entered on a long period of relative rest. In any case it may 
confidently be stated that there is no evidence or reason to suspect 
that any useful natural replenishment of the oil resources of the 
world is now taking place, or will take place within a reasonable 
period of time, and therefore that for all practical purposes the 
earth’s stores of petroleum are irreplaceable. 


As petroleum deposits are irreplaceable it is clear that they 
should be worked to maximum advantage, and fortunately in this 
matter the interests of Governments, oil companies and the public 
are identical. It is of the greatest importance that oilfields should 
be developed in the highest scientific manner possible, and it is 
most satisfactory to note the astonishing progress made to this 
end during the past ten years. Indeed, although science is applied 
to many industries, and particularly to the newest of these, it is 
probable that-it is applied to a greater extent in the petroleum 
industry than in the case of any other industry. However, progress 
in oilfield technology is so rapid that the danger exists of an 
unconformity occurring between Government concession and 
oilfield regulations and the needs of the industry. Governments 
in their own interests draw up rules and regulations designed to 
ensure that concessions will be properly tested and fields properly 
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developed, but doubtless it is a very difficult matter for non- 
technical officials to review and revise rules and regulations at 
sufficiently frequent intervals to keep them abreast of progress 
in technology, and also to settle new and contentious disputes, 
involving highly technical matters, which arise between companies 
from time to time. It has been stated that frequent revision of 
rules and regulations tends to lessen respect for the law, but surely 
it is better to take that risk than to persist in applying out of date 
rules. It is to be hoped that this Institution, and particularly 
Overseas branches of the Institution, including those which will 
inevitably be formed, will in future render great and valuable 
assistance in keeping Government rules and regulations abreast 
of progress in petroleum technology. The World Petroleum 
Congress might also carry out valuable work in this connection. 

Reference has been made only to free naturally occurring 
petroleum and to its recovery by means of wells. It is, of course, 
possible that in the future enormous additional volumes of free 
oil will be recovered by means of mining or by some other new 
method or methods of recovery. 

Even when all the free petroleum that can profitably be recovered 
has been secured, it will still be possible to extract oil from the 
enormous deposits of oil shale which occur in many countries. 
For example, the United States Federal Conservation Board 
estimated some years ago that 92,000,000,000 barrels of oil could 
be extracted from the oil shales of that country alone. At the 
present rate of production that volume alone would satisfy the 
world’s requirements for about 65 years. The great disadvantage 
of oil shale mining lies in the cost of recovery as compared with 
that of direct production of free oil by wells, but the great advantage 
of the method is that the shale is otherwise of little or no value 
as a raw product. 

There are, of course, other possible sources of supply, such as 
low temperature carbonization and hydrogenation of coals and 
allied substances. The great drawback to these methods is, of 
course, that one valuable raw product is required in order to 
obtain another valuable raw product, and it would appear on 
this ground alone that oil obtained by such methods should be 
unable to compete, on an equal basis, either with free petroleum 
or with shale oil. The methods would also appear to be some- 
what expensive contributions to the solution of the problems in 
the coal industry. However, it is conceivable that there is a much 
more fundamental reason for encouraging the trying out of these 
methods, and perhaps it is fortunate that discussion of the 
adequacy and cost of these and alternative schemes does not 
fall within the scope of this address. 
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Vote of Thanks to the President. 


Mr. J. Kewley said it was his pleasure and duty to bring the 
proceedings to a close by proposing a hearty vote of thanks to 
the President. The terms of reference were not clearly defined 
on the programme, and he did not know whether he was to propose 
a vote of thanks merely for the President’s interesting address 
or whether he had liberty to give the proposal a somewhat broader 
interpretation. Mr. Dewhurst had tackled a very difficult subject 
that night. Custom did not allow the members to have any 
discussion on the address. It was perhaps as well, as otherwise 
he thought they might be there till midnight. It was a paper 
that would be of extremely great value. It touched on a subject 
information on which was not generally available in current 
literature and which would give the members food for thought 
when they had time to digest it at their leisure. 

He also desired to thank Mr. Dewhurst for the work which 
he had carried out during the last year. (Applause.) Last 
year, when he had inducted Mr. Dewhurst into the Presidential 
Chair, he, with all other members of Council, had felt full of hope 
that Mr. Dewhurst would justify their choice. Mr. Dewhurst had 
indeed justified that choice. He was a fitting spearhead to a long 
shaft of useful past-Presidents. He was a spearhead in that he 
possessed the great merit of abundant energy. His energy was 
not of an effervescent type, but was always tempered with thorough- 
ness, with a little touch of dignity and with a little touch of humour. 

He had great pleasure, therefore, in proposing a hearty vote 
of thanks to the President for the excellent address he had just 
given and for his very excellent year of office, coupled with the 
hope that Mr. Dewhurst would enjoy a like success in the coming 
year, which would certainly be less arduous and strenuous, as the 
Congress in which he had played such an active part was now over. 

The vote of thanks was carried with acclamation. 

The President, in acknowledging the vote, thanked Mr. Kewley 
for his kindly references, which he appreciated all the more as 
Mr. Kewley knew him so well. He thanked, too, the members 
for the generous way in which they had received the vote of thanks. 
He would take the opportunity of referring to the statement in 
the Annual Report that he had been unanimously elected President 
for the ensuing year. He very much appreciated the great 
compliment thus conferred on him by the Council. 


The proceedings then terminated. 
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The Miscibility of Methyl Alcohol with Petrol and Benzene.* 
By F. M. E. SHEPHERD. 


INTRODUCTION. 


Industrial success in the manufacture of synthetic methyl 
alcohol has raised, within recent years, the question of its utilisa. 
tion as a motor spirit. On account of its low calorific value, 
5316 cals. per gm., it is not entirely suitable for use in the pure 
state, but its high latent heat of vaporisation and good anti- 
detonant properties suggest that it would have considerable 
value as a component of a mixed motor fuel. It is important, 
therefore, that information should be available as to the limits 
of miscibility of methyl alcohol with various motor spirits, petrol, 
benzole and the like, in order that its commercial development 
as a fuel should not be retarded. 

Experimental work of a similar nature has already been carried 
out at the Fuel Research Station by King and Manning! upon 
ethyl alcohol, and it was considered appropriate that the investiga- 
tion should be extended to include methyl alcohol. 

The opportunity was taken to include in the investigation 
commercial methyl alcohol (wood spirit) and acetone. 

Some data were already available upon the equilibria in systems 
containing methyl alcohol and the following: cyclohexane? 
hexane,?> water and benzene, water and hexane,® water and 
heptane,® water and gasoline,* water and paraffin.® 

In the two-component systems mentioned, the miscibility has 
been determined over a wide range of temperatures, and at 20°C. 
the results are not very different from those obtained with methyl 
alcohol (99-8 per cent.) and petrol (Fig. 1). Thus the percentages 
of methyl] alcohol in the critical mixtures are 68-4 and 4-1 by volume 
with hexane, 67-6 and 8-3 with petrol. 

In the three-component systems studied, water was treated as 4 
separate component, so that the results are only comparable with 
those for two-component systems in the present investigation, 





* Paper received February 21, 1934. 
1 King, J. G. and Manning, A. B., J. Inst. Petr. Techn., 1929, 15, 350. 
2 Mondain-Monval, C. R. Acad. Sci., Paris, 1926, 183, 1104; Lecat Thesis, 
Brussels, 1909. 
§ Rothmund, Z. Phys. Chem., Stéch. und Verw., 1898, 26, 433. 
* Bancroft, Phys. Rev., 1895, 3, 21; Barbaudy, C. R. Acad. Sci.. Paris, 
1926, 182, 1279; Holmes, J., J. C. S., 1918, 118, 263. 
5 Bonner, J. Phys. Chem., 1910, 14, 738. 
* Crismer, Bull. Soc. Chim. Belg., 1904, 18, 18. 
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where water and methyl alcohol are considered together. More- 
over, most of the equilibria studied involved greater water concen- 
trations than we have used, but a few results may be selected for 
comparison. 

Barbaudy* plotted triangular diagrams for systems containing 
methyl alcohol, benzene and water at 25°C., using weight rela- 
tionships. It can be seen, however, that his results fall into line 
with the volume relationships obtained in our experiments ; 
methyl alcohols less dilute than 96 per cent. approximately, are 
completely miscible with benzene. 


The experimental method used by Bancroft* at 20° C. in systems 
containing water, methyl alcohol and benzene, was similar to 
that which we have adopted, but in almost all cases the water 
content was larger than in our experiments. 


Bonner® plotted curves and tie lines in the systems methyl 
alcohol, water and heptane or hexane at 0°C. His components 
were measured from weight pipettes, but it is possible to calculate 
from his figures the dilution of the methyl alcohol and the approxi- 
mate volume compositions of critical mixtures. It is then evident 
that the results with heptane are almost identical with those for 
the petrol which we have used. The results with hexane, however, 
differ slightly from those with heptane, indicating that straight 
chain paraffins do not all give the same phase diagrams. 


PRESENT INVESTIGATION. 


The present investigation was limited mainly to the determina- 
tion of the volume limits of miscibility in the system methyl 
alcohol-petrol-benzene, in order to define the best proportions for 
commercial blends which would remain stable at a temperature 
of —20° C. 

Benzene was used in the investigation in preference to benzole 
in view of the variation which occurs in the composition of the 
latter. 

Although the system is, strictly speaking, a four component 
one, it has been treated as a three component one, the methyl 
alcohol and water being considered together as one component, 
80 that the results could be plotted on triangular diagrams. 


The results with commercial methyl alcohol containing acetone, 
indicated that acetone might be a useful component in fuel blends, 
since the commercial methyl alcohol gave a larger range of misci- 
bility than did the corresponding pure methyl alcohol (Figs. 2, 3, 
6 and 7). The investigation was therefore extended to include an 
examination of the limits of miscibility in the system methyl 
alcohol-petrol-acetone. 
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NATURE OF CoMPONENTS USED. 

Petroleum Spirit—The same sample of British Petroleum (Co, 
spirit was used throughout the series of experiments. Analysis 
by the Manning’ method gave unsaturated hydrocarbons 9-6, 
aromatic hydrocarbons 19-6, saturated hydrocarbons 70-8, per cent. 
by weight. 

D 2° 0-7573. 
Engler Distillation. 


. mil, 
Initial Boiling Point i ss 47°5 
Final Boiling Point .. és i 197-5 

To we on - és 70-8 10 

84-8 20 

96-3 30 

107-5 40 

122-5 50 

134-3 60 

147-8 70 

160-0 80 

178-8 90 


Benzene.—Pure crystallisable benzene was used, D,” 0-878. 
Methyl Alcohol._—Different samples of methyl alcohol were used 
so as to obtain some comparison between pure and commercial 
materials. 
(a) Pure methyl alcohol. Two samples were used, one 
“ Analytical Reagent,” the other ‘‘ Methanol Pure.” Both 
samples had a density (D,) of 0-7925, corresponding with 
99-8 per cent. of CH,OH. They gave identical results in 
the miscibility experiments. The methyl alcohol was diluted 
as required with pure water, and the strengths of the dilute 
alcohols were verified by density determinations. 
(6) Commercial methyl alcohol containing roughly 15 per cent. 
of acetone, together with small amounts of other impurities. 


The density D,2=0-8110 corresponded to a water content of 
6-7 per cent., neglecting the presence of acetone. It was partially 
dehydrated over quick lime and its density decreased to 0-8035, 
which corresponds to 4-0 per cent. water, neglecting the effect of 
the acetone on the density. 

Acetone.—Analytical reagent, D,?°=0-7912. 


EXPERIMENTAL. 

The procedure adopted in identifying equilibrium mixtures was 
substantially the same as that used by King and Manning. The 
components (methyl alcohol of given dilution, petrol and benzene), 
were measured by volume. The water associated with the methy! 
alcohol component was calculated as a percentage by weight of the 
alcohol. 





7 Manning, A. B., J. C. S., 1929, 1014. 
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MISCIBILITY 





SHEPHERD : 


For each strength of methyl alcohol, equilibrium proportions 
by volume were determined at three temperatures, 20° C., 0° C. 
and —20° C. 

Experiments at 20°C.—The stability of mixtures at this 
temperature was examined in a thermostat, the temperature 
being maintained at 20-+0-1°C. One thermometer was suspended 
in the water and another was used as a stirrer in a thin-walled test 
tube. To determine the miscibility limits in two component 
systems, ¢.g., methyl alcohol and petrol, 10 ml. of alcohol were 
measured into the test tube and stirred with the thermometer until 
the temperature was steady at 20°C. The second component was 
added drop by drop from a burette, with constant stirring, so that 
the temperature did not vary, until opalescence was observed. 
When working with three component systems, 10 ml. of a known 
mixture of two of the components was taken, and the third 
component added from the burette in the same way. The 
percentage volumes of the components in critical mixtures were 
then calculated, and as soon as a few points had been determined, 
the form of the boundary curve between areas of miscibility and 
immiscibility could be deduced. It was then possible to choose 
the most suitable initial mixtures of any components in order to 
complete the curve. 


In some cases it was desirable to start with a mixture represented 
by a point in the area of immiscibility and to add the third 
component until complete miscibility was obtained. For example, 
when using 99-8 per cent. methyl alcohol, some of the results 
obtained by adding petrol to mixtures of methyl alcohol and 
benzene, or methyl alcohol to mixtures of petrol and benzene, were 
indefinite. This is evident from an examination of Fig. 1. Starting 
with a mixture of 15 per cent. benzene, 85 per cent. methyl alcohol, 
and adding petrol until the limit of miscibility is reached, the line 
followed cuts the curve at a very small angle, and the percentage 
of petrol in the critical mixture increases rapidly with only a small 
increase in the benzene content of the starting mixture. Points on 
this part of the curve were obtained therefore by taking methyl 
aleohol and petrol in immiscible proportions, and adding benzene 
until only one liquid phase was present. 


In other cases the component added from the burette remained 
in the form of droplets and dissolved only very slowly, even with 
vigorous stirring. This was observed particularly with two 
component systems, e.g., adding petrol to methyl alcohol in order 
to obtain a point on the petrol-methyl alcohol axis. This difficulty 
was overcome by warming above the working temperature after 
each addition from the burette, stirring until the drop had 
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completely dissolved, cooling down to the working temperature 
and observing any opalescence. 


Experiments at 0° C.—The test tube was held in a vessel 
containing ice and water, from which the excess water was 
continuously drained away. A thermometer was again used as a 
stirrer. After each addition from the burette, the whole was cooled 
down to O° C. with constant stirring, and any cloudiness noted. 
It was necessary at 0°C. to plot the curve bounding the area in which 
solid benzene could exist. The chief difficulty was due to the fact 
that supercooling easily took place. Rough experiments were made 
with mixtures of methyl alcohol and benzene to determine 
approximately the maximum amount of benzene permissible before 
solid began to separate. A mixture containing slightly more 
benzene was then prepared, from which solid benzene crystallised 
just above 0° C., and methyl alcohol was added from the burette 
until crystals appeared at 0° C., but not above 0°C. In order to 
determine this point exactly, it was often convenient to supercool 
in an ice and salt mixture, and then to stir rapidly with the 
thermometer, so that a reasonable amount of solid was produced. 
Stirring was continued and the temperature allowed to rise slowly 
until only a few crystals were left. On maintaining the temperature 
at 0° C. and continuing to stir, it was possible to observe whether 
the amount of solid decreased, increased or remained approximately 
constant. Points on the petrol-benzene axis were obtained in the 
same manner. 


In order to plot the boundary of the region within which the 
solid phase will separate, a mixture of benzene and methyl alcohol, 
from which benzene crystallised above 0° C., was taken, and petrol 
was added from the burette until a mixture was obtained from which 
benzene crystallised at, but not above, 0° C. 


Experiments at —20° C.—Solid carbon dioxide in acetone was 
used for cooling to this temperature. The test tube was held by 
a cork in an air jacket, which fitted into a vacuum flask containing 
the freezing mixture. The flask was placed in a beaker and packed 
in with asbestos wool. A second component was added to 10 ml. 
of one of the components at room temperature or above it, and the 
whole stirred until complete solution was obtained. The tube was 
placed in position and the contents allowed to cool to —20°C. 
while being stirred with a thermometer. If no opalescence appeared, 
the tube was removed, warmed up again, another drop of the second 
component added, and the cooling repeated. To determine the 
critical mixtures in three component systems, 10 ml. of a mixture 
of two of the components was taken and the third component 
added from the burette. 
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The area representing solid benzene was plotted in the same way 
as at 0° C. 
Discussion OF RESULTS. 


The triangular diagrams prepared from the results are given 
in Figs. 1 to 8 inclusive. All percentages are given by volume. 

The three components methyl alcohol, benzene and petrol are 
designated by A, B and P, respectively. Thus, the point A repre- 
sents 100 per cent. methyl alcohol, B, 100 per cent. benzene and 
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Fic. 1. 
LIMITS OF MISCIBILITY FOR THE SYSTEM PETROL BENZENE—99-°8 PER CENT. 
METHYL ALCOHOL. 


P, 100 per cent. petrol. Two component mixtures are represented 
by points on the sides AP, PB, and BA, and three component 
mixtures are represented by points within the triangle. A point on 
the side AP, one-third of the way up from A represents a mixture 
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containing 664 per cent. alcohol and 33} per cent. petrol (by volume), 
and the proportions of A, B and P in a mixture represented by any 
point within the triangle, are given by the perpendicular distances of 
the point from the sides opposite the angles A, B and P respectively, 

The curves drawn connect points representing critical mixtures, 
and enclose the areas within which either a solid or a liquid phase 
separates. 
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METHYL ALCOHOL. 


[t is seen on comparing the diagrams that the working tempera- 
ture and water content of the methyl alcohol are factors which 
influence the equilibria. Unlike ethyl alcohol, absolute methyl 
alcohol is not completely miscible with petrol even at 20° C. (see 
Fig. 1). Lowering of the temperature and addition of water to the 
methyl alcohol both decrease the mutual solubility. The dehydra- 
tion of methyl alcohol is, however, a more simple matter than is 
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that of ethyl alcohol, since the former gives no minimum boiling 
point mixture. But apart from the original water content of the 
methyl alcohol, and the possibility of accidental addition of water 
during storage, the absorption during storage, etc., of vapour from 
the atmosphere must be considered. 
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METHYL ALCOHOL, 


Density determinations of a sample of methyl alcohol left exposed 
to the laboratory atmosphere, showed that the original content 
of 99-8 per cent. methyl alcohol had decreased to 99 per cent. 
after 16 hrs. exposure, and to 97-7 per cent. after a further 24 hrs. 

It is also seen from the figures that the addition of benzene, 
miscible in all proportions with petrol, greatly increases the 
miscibility of methyl alcohol and petrol. But the addition of 
benzene is limited by the fact that the separation of a solid phase 
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must be considered at temperatures below 5-5° C., the solidification 
point of benzene. 

Fig. 1 shows that at 20°C. there is an area of immiscibility 
bounded by a curve which cuts the methyl alcohol-petrol axis, 
At 0° C. this area has become enlarged, and a further small area, 
within which solid benzene is stable, occurs in the region of the 


benzene apex. On lowering the temperature to -20°C. both 
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LIMITS OF MISCIBILITY FOR THE SYSTEM PETROL—BENZENE—90 PER CENT. 
METHYL ALCOHOL. 


areas are increased, the solid benzene one particularly, so that 
only a small area of complete miscibility, running roughly diagonally 
across the centre of the triangle, is left. The 99-8 per cent. methyl 
alcohol is completely miscible with benzene. 

Fig. 2 shows that 96 per cent. methyl alcohol is also, at 20° C., 
completely miscible with benzene, but that the miscibility with 
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petrol has been reduced. The curve at 0° C. indicates incomplete 
niscibility with benzene, although the separation of solid benzene 
prevented the determination of the critical mixture. An area of 
complete miscibility adjacent to the methyl alcohol-benzene axis 
is shown. This area is greatly reduced at -20°C., owing both 
to the decreased miscibility of the liquid components and to the 
separation of solid benzene. 
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Fig. 3 shows that even at 20° C., 93-7 per cent. methyl alcohol 
is not completely miscible with benzene. There are now two 
separate areas of complete miscibility, the main one adjacent 
to the methyl alcohol-benzene axis and another much smaller 
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one cut off by a line almost parallel to the petrol-benzene axis, 
Lowering of temperature reduces the main area of miscibility, 
but does not appreciably alter the other, and the area representing 
the separation of solid benzene is also considerably enlarged. 
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LIMITS OF MISCIBILITY FOR THE SYSTEM PETROL—BENZENE—COMMERCIAL 
METHYL ALCOHOL (CONTAINING ACETONE AND 4 PER CENT. WATER). 


The narrow area of miscibility lying along the petrol-benzene axis 
is of little practical importance ; on some of the diagrams where 
it is very narrow it has been omitted. 

Figs. 4 and 5, representing the results with more dilute methyl 
alcohol, are similar to Fig. 3, the areas of complete miscibility 
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being gradually reduced, until with 80 per cent. methyl alcohol 
only a minute area, adjacent to the methyl alcohol apex, remains 
at 20° C. 

Figs. 6 and 7 represent the results obtained when commercial 
methyl alcohol containing acetone was used. It is evident from 
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LIMITS OF MISCIBILITY FOR THE SYSTEM PETROL—BENZENE—COMMERCIAL 
METHYL ALCOHOL (CONTAINING ACETONE AND 6-7 PER CENT. WATER). 








the curves that the presence of acetone enhances the miscibility 
of the methyl alcohol. Thus the curves in Fig. 6, although similar 
in outline to those in Fig. 2 for A.R. methyl alcohol of the same 
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density, enclose larger areas of miscibility. With commercial 
methyl alcohol, D,?° 0-8035, the curve at 20° C. rises from a point 
representing 20 per cent. petrol, on the methyl alcohol-petrol axis 
to a maximum of 54 per cent. petrol, while with diluted AR. 
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LIMITS OF MISCIBILITY FOR THE SYSTEM PETROL—-ACETONE—96 PER OENDT. 
METHYL ALCOHOL. 


methyl alcohol, D,” 0-8035, the corresponding percentages of 
petrol are 15 and 44. 

Similar conclusions are drawn from a comparison of Figs. 3 and 7. 

The compositions of two critical mixtures using ‘“ methanol,” 
D,” 0-7924, were determined, and since the results fitted in with 
those on the 20°C. curve for A.R. methyl alcohol of the same 
density (Fig. 1), the investigation was not carried further. 

The phase diagram obtained with acetone (Fig. 8) shows that 
at 20°C., the addition of 10 per cent. of acetone to 96 per cent. 
methyl alcohol increases the miscibility of petrol in the methyl 
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alcohol to about the same extent as does the addition of 10 per 
cent. of benzene. Further addition of acetone, however, increases 
the miscibility very rapidly. Since acetone is miscible in all 
proportions with methyl alcohol and with petrol, the diagram shows 
only one area of immiscibility, bounded by a curve cutting the 
methyl alcohol-petrol axis, and is in this respect similar to the 
diagram obtained with 99-8 per cent. methyl alcohol and benzene 
(Fig. 1). The diagram also explains the difference between the 
results obtained with A.R. and commercial methyl] alcohol. 

The general conclusions arrived at from the investigation are 
the following. 

The limits of complete miscibility of methyl alcohol with petrol, 
and with petrol and benzene, are smaller than the corresponding 
limits obtained with ethyl alcohol; even absolute methyl alcohol 
is not completely miscible with petrol at 20°C., whereas ethyl 
alcohol is. The addition of benzene greatly increases the mutual 
solubilities, but, with mixtures containing considerable proportions 
of benzene, separation of a solid phase takes place at low tempera- 
tures. The range of miscibility decreases with increasing water 
content of the methyl alcohol, the limiting strength, giving only a 
very small area of complete miscibility at 20° C., being 80 per cent. 
of alcohol by weight. 

Commercial methyl alcohol containing acetone gives a wider 
range of complete miscibility with petrol and with petrol and 
benzene than does pure methyl alcohol of the same density. 
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The Miscibility of Petrol and Some of Its Components 
with Aliphatic Alcohols of Various Strengths.* 


By W. R. Ormanpy, D.Sc., F.L.C., F.C.S., M.1.A.E. (Member), 
T. W. M. Ponp, B.Sc., and W. R. Davis, B.Sc. 


SUMMARY. 

Part I. gives the limits of miscibility, recorded in Tables and curves, 
expressed as alcohol strength by weight, of the seven alcohols, ethyl, propyl 
and butyl, each with toluene, benzene, petrol, heptane and cyclohexane 
for ranges between 95 per cent. and 10 per cent. hydrocarbon present by 
weight. A full description of the experimental method is given, together 
with details of the apparatus and method of calculation of the results. The 
effect of temperature is also discussed. 

Part LI. repeats and amplifies those parts of the curves described in Part I 
from 95 per cent. to 75 per cent. hydrocarbon, as this is the practical region 
for commercial motor alcohol blends. Some further components, including 
acetone, are added. The miscibility is here expressed, however, as water 
tolerance in c.c. per gallon, the water being given per se instead of included 
in the alcohol strength. Varigus blends of alcohols with hydrocarbons 
alone or in blend are also studied. 


Part I. 


Tue use of ethyl alcohol in admixture with other hydrocarbon 
fuels in modern internal-combustion engines has been steadily 
increasing for some years with the increase of the compression 
ratio of the engines marketed. The nationalistic policies prevailing 
at the present time have led the countries of the world to foster 
their agricultural industries, and this has led to an increase in 
alcohol production, which meets the demand for the means of 
increasing the octane number of ordinary straight petrol. 

The probability of the future industrial importance of such 
alcohols as isopropyl and secondary butyl, derived from cracked 
gases or other sources, is increasing. Their use in admixture 
with other fuels, as in the case of ethyl alcohol, is almost certain 
to follow and suggested the desirability of this research. 

The relevant problems have already, in the case of ethyl alcohol, 
received much close study. Singularly little information was 
available on the same problems for propyl and butyl alcohols. 
This work accordingly covers a range of aliphatic alcohols, either 
singly or blended with each other, particularly with ethy] alcohol, 
in admixture with a typical No. 1 petrol and with some of the 
components of petrol which are available in the pure state. Acetone 
has also been included in the examination as a special case of possible 
interest. 





* Paper rece ived February 27th, 1934. 











nts 


>rves, 
‘opyl 
xane 
t by 
sther 

The 


rt I. 
gion 
ding 
vater 
uded 
bons 


‘bon 
dily 
sion 
iling 
ster 
e in 
s of 


such 
“ked 
ture 
tain 


hol, 
was 
hols. 
ither 
hol, 

the 
tone 
sible 


ORMANDY 


AND 


OTHERS : 


MISCIBILITY 


OF PETROL, 


309 


The substances used in the research are listed and described 
below, together with the initials used throughout the paper :— 











Boiling Boiling Density. 
Substance. Origin range. Point °C. —— -|- ———| Initials. 
5-95% Litera Observed Litera- 
Engler. ture ture. 
Alcohols :— 
Methyl 1.C.1. 64-7 0-798;5 0-79815 M 
Ethyl ee D.C.L. . ‘a 78:3 0°794;5 0-794i5 E 
Normal propyl B.D.H. purified : 97-2 0°813;5 0-804 NP 
Isopropyl! .. B.D.H. purified 81-2— 89-6 82-4 0-794i5 0°78929 IP 
Normal butyl =) Vo- «. |116-6—117-5 117-0 0-812, 0°81059 NB 
Secondary butyl .. | Honeywill Stein | 99-2—104-0 99-8 0-812); 0°8199. SB 
Isobutyl ii «se .. |105-6—109-1 108-05 | 0°806,; 0-806, IB 
Tertiary butyl B.D.H. purified | 81-0— 83-0 82-6 0-7845 0-78145 TB 
(M. Pt. (25-0) 
21-0° C.) 
Active amyl Boake, Roberts. | 127-8—130-2 128-7 O0-815i5 0-817: AA 
Alpha-ethy] n- D.C.L .. | 184-0—188-0 _ 0-862,5 —_ OA 
hexanol 
Acetone B.1.8. 56-6— 57-4 565 | 0-798, 0°79226 AC 
Hydrocarbons :— 
Benzene ° B.D.H. AR. .. 79-7— 87-4 80-2 0:886,5 087920 B 
Toluene .. .. |B.D.H. sulphur-free} 109-9—110-7} 110-6 0°86929 0-86629 T 
Trimethyl-ethylene | Birmingham | 38-2— 38-6] 36-38 0-66715 0-678, TME 
University 
Cyclohexane . | B.D.H. .. os 80-5— 82-5 80-8 0°786;5 0-77929 Cc 
Normal heptane .. | Anglo-Amer. Oil 97-7— 99-2 98-4 0-688;5 0-689,5 Hv 
Co. (Vegetable 
origin) 
Technical heptane | B.D.H. .. 96-0— 99-0 iS-4 0:7295 0-689;5 H 
No. 1 Petrol . | Winter Shell 33-0—185-0 — 0-732, — P 























EXPERIMENTAL. 
We have taken as the basis of experimental work the method 





described in a series of papers by Ormandy and Craven,! especially 
the paper on “‘ The System Ethyl Alcohol-Water-Aromatic Hydro- 
carbons from 30°C. to -30°C.” The apparatus comprised a 
stout-walled test-tube, lin. x 8in., fitted with a rubber ring, 
by which it was carried in a glass water-jacket. For this water- 
jacket the outer tube of a modified Beckmann freezing-point 
apparatus was found well-suited, permitting passage of a constant 
stream of water at the required temperature around the test-tube 
containing the liquid. A standard thermometer was held centrally 
in the test-tube, with the bulb about } in. from the bottom. A 
Wire stirrer was used, of sufficiently robust construction to permit 
the very vigorous stirring that was found essential. 

The original procedure was to pipette 20 c.c. of the petrol, or 
other hydrocarbon under examination, into the test-tube, closely 
adjusting the temperature by means of the water-jacket. A small 
measured amount of the pure absolute alcohol selected was then 
added from the first of two burettes employed. Next, from the 
second burette was run in, with constant stirring, a volume of the 





1J. Inst. Petr. Techn., 1921, 7, 422. 
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same alcohol diluted with water to a predetermined suitable 
strength. Water could have been added from this second burette, 
but the drops would have been too large in proportion to the volume 
of liquid in the test-tube and readings could not have been taken 
with sufficient accuracy. Dilute alcohol of 60 per cent. strength 
was therefore used. The volume of dilute alcohol added from the 
second burette was such as to produce turbidity. 

This turbidity had to be permanent after vigorous and prolonged 
stirring. A definite and reproducible degree of turbidity had 
also-to be determined and worked to as a standard. It was found 
in practice that the turbidity. varied in degree, nature of onset, 
colour, ease of dispersion on further addition of strong alcohol, 
response to stirring, etc. For example, with some combinations 
of liquids and at some concentrations, on the addition of dilute 
alcohol, water globules were thrown out which no amount of 
stirring could succeed in dispersing into opacity. Sometimes a 
milkiness was observed accompanied by a brown tinge, sometimes 
by a blue; even an intense blue colouration with perfect clarity 
has been noted. Moreover, in some cases stirring increased the 
turbidity in course of onset and in other cases it had the opposite 
effect. 

After various trials it was decided that a definite standard of 
turbidity had been reached when a window-bar, viewed in outline, 
at a distance of 10 ft., against full daylight, could just be dis- 
tinguished through the liquid. Depending on concentration and 
bulk of liquid present, the onset of turbidity would be sudden, 
with the further addition of only half a drop of dilute alcohol, 
or very gradual, during the addition of several c.c. 

Parallel experiments showed that the difference in the reading 
taken between the stage of incipient turbidity and the accepted 
standard was not great enough to produce in the calculated result 
a variation of more than 1 per cent. hydrocarbon present or one 
half of 1 per cent. alcohol strength or a variation, in terms of 
water tolerance, of more than 1 c.c. per gallon (see below). Results 
from successive experiments could thus be reproduced within the 
error of plotting on the curves. 

Mainly as a result of the experience gained on this question of 
turbidity, the original method of experiment, described above, was 
modified as follows :— 

A small volume of dilute alcohol of known strength was pipetted 
into the test-tube, generally between 5-0 and 0-1 c.c. being taken, 
depending on the part of the curve to be studied. To this was 
added, also by graduated pipette, such a volume of strong alcohol 
as to bring up the strength of the dilute alcohol in the test-tube 
to the first point at which a reading was desired. This point 
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could be previously selected and the corresponding alcohol strength 
calculated, given the specific gravity of the dilute alcohol used. 


Then from a burette was run in the petrol or other hydrocarbon 
selected. Vigorous stirring was continuous until the desired 
standard of turbidity had been reached. It was found that the 
approach to this standard was experimentally much more 
convenient on this modified procedure. The end-point reading 
having been noted, a further addition of the order of a fifth of a 
ec. of strong alcohol to the mixture already in the test-tube was 
made by graduated pipette. This further raised the alcohol 
strength and cleared the liquid. Turbidity was once more obtained 
by another addition of hydrocarbon from the burette. 


This procedure was repeated until the limit of manageable 
bulk (about 50 c.c.) had been reached, a suitable number of points 
having been taken over the part of the range to be studied in one 
series. Usually the whole range was covered in three such series, 
the ratio of weak to strong alcohol at the commencement of each 
series being the same as that at the point next before the last 
of the previous series. Thus the separate sections, in which 
the curve was plotted, overlapped, and necessary confirmation 
satisfactorily obtained. 


It will be noticed that, whereas on the original procedure the 
curve of alcohol strength against percentage of hydrocarbon 
present was constructed working from higher to lower percentages 
on both axes, on the new procedure the hydrocarbon percentage 
was increased whilst the alcohol strength remained constant 
during the approach to each successive point. For example, 
taking a point on the petrol-ethyl alcohol curve in the region of 90 
per cent. petrol, we have, say :— 


Petrol a <s Beem «a 14-64 gms. 
Absolute alcohol .. 2ec. .. 1-388 ,, 
Dilute alcohol o Obea.. 0-053 gm. alcohol 


0-036 ,, water 


16:317 gms. total. 


Petrol per cent. by weight=14-64/16-317=89-7. 

Aleohol strength per cent. by weight=1-641/1-677=98-0. Now, 
on the original procedure, adding dilute alcohol, let the addition 
be, say, O-le.c. Then :— 


Petrol per cent. by weight=14-64/16-406—89-2 ; and 
Alcohol strength per cent. by weight =1-694'1-766=96-0 
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On the new procedure, adding petrol, let the addition be, say, 
1-0 c.c., or ten times as great as the addition of dilute alcohol 
above. Yet we have: 

Petrol per cent. by weight=15-372/17-049=90-1 ; and 
Alcohol strength per cent. by weight unchanged at 98-0. 
Similarly a point at 76-8 per cent. petrol and 95-5 per cent 
alcohol strength by weight is moved, on the original procedure, 
by an addition of only 0-1 c.c. of 60 per cent. alcohol, when the 
test liquid contains 20 c.c. of petrol, to a new position corresponding 
to 76-5 per cent. petrol and 94-7 per cent. alcohol strength by 
weight, whilst the new procedure with an addition of 1 c.c. petrol 
moves the point only to 77-6 per cent. petrol, the alcohol strength 

remaining unchanged. 

The greater sensitivity of the new method is apparent. More 
accurate study of the higher concentrations of hydrocarbon and 
alcohol was by its means made possible, and these on practical 
considerations are by far the most interesting. In the case of 
the alcobols only sparingly soluble in water—e.g., iso-, normal 
and secondary butyl alcohols—it was not found possible to follow 
the original procedure at all. With the new procedure, using 
dilute alcohol of above 70 per cent. weight strength only in the 
initial charge, and adding the hydrocarbon as described, no difficulty 
was experienced, 

TaBLE Ia, 
Calculation of Results for Sec. Butyl Alcohol & Petrol. at 15° C. 

















| Wt. of Wt. there- Wt. of 

Vol. | same in of Vol.| Wt. of} Vol. | Wt. off Wt.of| Ale. | Wt. of Ale. % Wt 

Dil. Dil. -}Pure} same of same | total | plus all strength} petrol 

Ale Ale. Ale. Water.}| Ale.| Ale. | petrol.|/petrol.| Ale. |Water.| three. | ° Wt. | present 
yO | 4°33 3-21 | 1:12 3 2-44 1:35 0-99 5°65 6-77 7-76 83-5 27 

- | qd 3°25 2°19 1-60 6°46 7-58 9-18 85-2 17-4 
- 5| 4:06] 329] 2-41 | 7-27] 8391/1080] 86-7 | 223 
_— 6 4-87 4-65 3°40 8-08 9-20 | 12-60 87°58 270 
— 7 5-68 6-29 4-60 8-89 | 10-01 | 14-61 88-7 31-5 
- ® | 731 | 10-40 | 7-61 | 10-52 [11-64 } 19-25 | 90-4 30+ 
~- | il 853 | 16-05 | 11-75 | 12-14 3°26 | 25-01 9L-5 470 
_ 13 | 10-56 | 23-53 | 17-21 | 13-77 | 14-89 | 32-10 92-4 3°6 
— 15 | 12-18 | 31-20 | 22-82 | 15-39 | 16-51 | 39-33 93:1 80 
10 | O87 0-64 0-23 2-44 6°27 4-59 3-08 31 7°90 93-0 58-0 
— | 4 $25 | 12-55 9-18 s89 4-12 | 13°30 94-4 69+ 
{ 4-06 | 21-40 | 15-67 4-70 4-93 | 20-60 95-4 76-0 
~ _ — 6 | 4°87 138.60 | 28-22 | 5-51 | 5-74 | 33-96 96-0 83:1 
0-1 | 0-087 | 0-064 | 0-023 0-5) 0-41 2-30 1-684} 0-474] 0-497] 2-181 95-3 772 
— — 0-6) 0-49 3°92 2-868} 0-554) O-577| 3-445 96-0 83:5 
_ O-7| 0-57 6-04 4-42 7 06-4 87-0 
- | — 0-8) 0-65 S04 | 645 96-5 89-7 
= 0-9] O-73 [12-54 | 9-17 | 0-794) 0-817] 9-987] 97-1 91-9 



































There could now be calculated, as shown in Tables 14. and 1B., 
firstly, the results necessary for plotting the alcohol strength by 
weight against the percentage of hydrocarbon present by weight 
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over the whole range; and, secondly, the corresponding figures 
for water tolerance. These latter, to be defined in Part II., were 
required only for those sections of the curves dealing with higher 
concentrations. 


TABLE ls. 


























Wt. of Vol. of Vol. of Ms Water 
Vol. same | Wt. of | Wt. of | Vol. of] pure Total | Vol. of | alcohol vol, tol 

dil. dil. alcohol| water | alcohol | alcohol vol. petrol and of c.c. per 

alcohol.| alcohol.| therein.| therein.| therein.| added. | alcohol. | added. | petrol. | petrol. | gallon 

50 | 4:33 $21 | 1:12 | 3-95 3-0 6-95 1:35 | 8-30 16-3 | 614-0 
4-0 705 2-19 10-14 21-6 502 

5-0 8-95 3°29 2-24 26-6 4160 

6-0 9-95 4-65 14-60 31-8 349-0 

7-0 10-95 6-29 17-24 36°5 206-4) 

9-0 12-95 10°40 23°35 44-6 218-4) 

11-0 14°95 16-05 31-00 51:8 164-0 

13-0 16°95 23-53 40-45 58-0 126-4 

15-0 18°95 31-20 50-15 62-2 101-0 

1-0 0-37 0-64 0-23 0-79 30 3-79 6°27 10-06 62-4 104-0 

1-0 1-79 12-55 17-34 72-4 60°3 

50 79 21-40 73:7 38°5 

6-0 6-79 38-60 85:1 23-0 

0-1 0-087 | 0-064 | 0-023 | 0-079 O-5 0-579 2-30 79-9 36-3 

0-6 0-679 3-92 85-2 22-7 

0-7 0-770 6-04 88-5 153 

0-8 0-879 &-O4 91-0 10-7 

OOo | OO7O | 12-54 92-8 vory 




















These first results are given in alcohol strength by weight against 
percentage hydrocarbon by weight. The examples calculated below 
in Table I. deal with secondary butyl alcohol and petrol at 15° C., 
and the data required were as follows : 


Secondary butylaleohol .. 100 percent. .. sp. gr. 0-812 
Secondary butylalcohol .. 74 percent. wt. sp. gr. 0-866 
Petrol (No. 1 Winter Shell) .. ve .. Sp. gr. 0-732 


RESULTS. 


The results are tabulated in Table II. and graphed in Figs. | to 7. 
In Table II. the seven alcohols studied are grouped under each of 
the five liquids in turn, whilst the curves are given showing the 
behaviour of the five liquids with each of the seven alcohols separ- 
ately. This latter arrangement brings out the systematic features 
of the results obtained and also renders comparison easier; the 
results will therefore be discussed on these lines. Unless otherwise 
stated the heptane used is of pure vegetable origin, also all curves 
and tables show results at 15°C. In general it can be said that 
the curves for the five liquids all lie more or less parallel to each 
other and form a band of such a width that at a given percentage 
of hydrocarbon present, the limits, indicated in alcohol strength, 
are of the order of 2 per cent. apart. 
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Fic. ].—IJsobutyl Alcohol.—This alcoho] is, for the five hydrocarbons 
studied, averaged by a straight line drawn from 96-5 per cent. alcohol 
strength at 90 per cent. hydrocarbon liquid to 88 per cent. alcohol strength 
at 10 per cent. hydrocarbon, only dipping slightly lower than this below 
30 per cent. hydrocarbon present. This is the highest average line amongst 
those giving a simple band—i.e., it is in general the worst mixer, requiring 
a higher strength of alcohol to take up a given proportion of other liquid. 
Considered individually, the band contains toluene or benzene as its lower 
limit throughout its length, with heptane in the middle, petrol above that, 
and cyclohexane forming the upper limit of the band, being the worst mixing 
agent of the five hydrocarbons in conjunction with isobutyl] alcohols. 
Heptane, petrol and cyclohexane converge to the same point at 70 per cent 
hydrocarbon present, but diverge on either side of this point to the relative 
positions already indicated. 
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Fic. 2.—Normal Butyl Aleohol.—This band closely follows that of isobuty! 
alcohol already described, being 1 per cent. lower at the top and 2 per cent. 
lower at the bottom—/.e., a slightly better mixing agent. The width of the 
hand nowhere corresponds to more than 1-2 per cent. alcohol strength for 
the hvdrocarbons studied, it being the narrowest band found in the present 
work. This indicated that these different types of hydrocarbons resemble 
each other more as mixing agents in respect of this alcohol than with any 
other amongst those studied. Individually, petrol, heptane and _ cyclo- 
hexane vary among themselves for the top position along the whole band, 
whilst toluene is bottom but one and benzene forms the bottom of the band. 
Thus benzene is again the best mixer, except at the lower hydrocarbon end, 
where it does not dip as much as the other four hydrocarbons, and so becom- 
ing, at 10 per cent. hydrocarbon present, the worst mixing agent. 
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-arbons > 7 ae ; ; 
alcoho! Fig. 3.—Secondary Butyl Alcohol.—The five curves for the separate 
rength hydrocarbons, starting from the same point as isobutyl alcohol, slope more 
below steeply to 82 per cent. at 10 per cent. hydrocarbon, keeping in a regular 
nongst band. There is a distinct gap between the aromatics and the other three 
a hydrocarbons, benzene remaining the best mixing agent throughout. At 
juiring _ g 5 af gnc 
liquid 50 per cent. hydrocarbon present, the order reading downwards is cyclo- 
: lower hexane, heptane, petrol, toluene and benzene. 
e that, 
mixing 100 
cohols. 
r cent 
plative 95 | 
: 
* 90 | 
GE 
= 85 Ao 
: Yj | 
= 80 / | 
5 | 
5 | 
: J | 
= iv Y | 
“= 70 
U V 
: bo 
ybuty! 10 20 30 40 50 60 70 80 90 100 
cent Hydrocarbon present, percentage by weight. 
of the , 
th for Fic. 4.—Tertiary Butyl Alcohol.—This alcohol, the first in this discussion 
resent of results which is totally miscible with water, proceeds as a band of rather 
omble greater width (3 per cent. alcohol strength) with a regular sweep from the 
h any same point as the start of the isobutyl] band—i.e., 96-5 per cent. alcohol 
“yclo- strength at 90 per cent. hydrocarbon, to 65 per cent. at 10 per cent. hydro- 
band carbon, falling away more and more rapidly in necessary alcohol strength 
band as the percentage of hydrocarbon is progressively decreased. The disposition 
end, of the individual lines is the same as for secondary butyl alcohol. The form 
com f this band for a totally miscible alcohol is quite distinct from those of the 
previously described alcohols partly miscible with water. 
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Fic, 5.— Normal Propyl Alcohol.—The curves for this alcohol show a strong 
resemblance in general trend to those for tertiary butyl alcohol, starting a 
a band of 1 per cent. alcohol ‘‘ width” at 95-5 per cent. alcohol strengtl 
at 90 per cent. hydrocarbon, and coming to the same point as tertiary butyl 
alcohol at the bottom (65 per cent. alcohol strength at 10 per cent. hydro- 
carbon). Some spreading of the band occurs in the lower hydrocarbon 
region, and the band corresponds to about 7 per cent. alcohol strength 
at 20 per cent. hydrocarbon. In this case petrol is remarkable for holding 
the lowest position of best mixing agent below 70 per cent. alcohol strength 
Heptane, starting at 90 per cent. hydrocarbon, as the worst mixing agent, 
improves with decreasing percentage of hydrocarbon present. At 70 per cent. 
it separates toluene and cyclohexane, which are worse, from benzene and 
petrol, which are better, while at 50 per cent. it is better than any except 
petrol, but at 30 per cent. has again returned to its normal position at the top 
of the band. 
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Fic. 6.—Isopropyl Alcohol.—With this alcohol the individual curves are 
not readily resolved into a single band, all the curves remaining perfectly 
distinct from one another. They are in their most normal order, which is, 
rading downwards, heptane as the worst mixing agent, petrol, cyclohexane, 
toluene and benzene as the best mixing agent. The interval between heptane 
and petrol is about the same as that between petrol and benzene. This 
alcohol shows the best all-round mixing properties. There becomes notice- 
able here for the first time a hump in the curves at below 50 per cent. hydro 
carbon present, diminishing in size from heptane downwards. 
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Fic. 7.—Ethyl Alcohol.—Although this alcohol, as the lowest member o/ 
the series examined, might have been considered first, yet it shows behaviour 
so exceptional in comparison with the higher members that its properties 
can best be studied in contrast with these. Heptane, cyclohexane and 
petrol, in this order reading downwards, form a band to themselves of the 
insoluble butyl type higher (worse as mixing agents) even than isobutyl 
alcohol above 30 per cent. hydrocarbon. Below this figure all three curves 
fall sharply (that of petrol not so much, however, as the other two, as it 
cuts across the cyclohexane line at about 40 per cent. hydrocarbon to become 
the second worst mixer for that region), the total miscibility of the ethy! 
with water, as opposed to the partial miscibility of the butyls, apparently 
coming into play. 

Both the aromatic members studied, benzene and toluene, fall well below 
the other three, with a result roughly resembling that obtained with isopropyl 
alcohol. Benzene with alcohol gives, in fact, the lowest curve of any obtained 
for the region above 35 per cent. hydrocarbon present. In the case of the 
aromatics, this alcohol resembles isopropyl, the best all-round mixer, whilst 
the remaining three studied resemble isobutyl alcohol, the worst mixer. 
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TABLE II. 


Minimum Alcohol Strengths in Weight per cent., completely Miscible with 
Various Maximum Proportions of Non-Alcoholic Liquids. 






































4 we Cyclohexane. | Heptane. 
¢ | — =e PEE =e 
Liquid | Percentage weight strengths of different alcohols. 
present) E NP IP NB SB IB TB E NP IP NB 8B IB Th 
92 | 96-0] 96-5] 95-5| 96-4] 97-1] 97-4] 96-8)| 97-1) 96-7) 96-1 97-0| 96-9] 97-7 
@ | 95-9} 96-0} 95-0] 96-2] 96-9] 97-1] 96-6|| 97-0) 96-2] 95-8 96-7 | 96-7} 97-4 
85 | 95:7) 94-8} 93-7| 95-7) 96-3] 96-5] 96-01] 96-7] 95-0] 94-9 96-2) 96-4] 96-7 
80 | 95-4) 93-7) 92-2) 95-2] 95-3] 96-0] 95-2]| 96-4] 93-7] 93-6 95-7 | 96-0) 96-0 
70 94-9} 91-6) 89-5] 94-1] 94-8] 95-1] 93-6]] 96-0] 91-0] 90°8 94-6) 95-0] 94-4 
60 | 942) 89-3) 86-0] 93-2] 93-6] 94-3] 91-7|]) 95-3] 88-6] 88-4 93-5] 94-2] 92-6 
50 | 93-4) 86-9] 82-5] 92-2] 92-4] 93-5] 89-3] 94-6] 86-5] 86-2 92-2 2 
40 91-9} 84-4} 79-3] 91-1] 91-0} 92-6] 86-4 93-8 | 84-6] 84-2 90-7 
30 | 89°83) 80-5] 75-7] 89°83) 89-2] 91-3] 82-2]/ 92-7] 81-3] 81-8 88-7 
20 | 86-0) 74-7) 70-9! 87-8) 86-7] 89-6] 75-0}| 89-7] 76-4] 77-5 86-2 
15 | 82-0] 70-2) 67-0) 86-8] 85-0] 88-5] 70-0]| 87-3] 72 74:5 84°5 
10 — 64-4 - 85°7| 82-7| 87-3] 64-0 |} 84-0] 68+ 69-5 82-0 








| Benzene 

































































2 | 92:7] 96-1] 94-3] 95-5] 95-8] 96-3) 96- 7} 95-5 06- 96-2 
”) 92-0} 95-6} 93-8 | 95-2 7} 96-1) 95°5 92-8} 95-2 5 96 835-5 
sb 90-1} 94-5] 92-5] 94-7 95°5| 94-4/] 90-9] 94-3] 93-3] 95-0] 95°5 95-0 
80 | 88:3] 93-2] 91-1| 94-2 95-0] 93-5|| 89-4] 93-3] 91-8] 94-5] 94-8 94-0 
70 | 85-0] 91-0] 88-1] 93-2 93°38} 91-7|| 86-5) 91-3] 88-7) 93-5] 93-5 92-0 
60 | 81°83] 89-0) 84°38] 92-1 92-8] 89°7]| 84-1] 89-2] 85-3] 92-5] 92-2 89-7 
0 | 7389) 86-6) 81-0} 91-1 91:8] 8 82-5] 86-7] 81-5} 91:3] 90-7 87-2 
40 | 76-0] 83-7] 76:7] 90-0 90-9] 83-6 || 80-5] 83-5] 77-0] 90-2] 89-2 84-0 
30 | 73-0] 79-8] 70-8] 88-6 89-8| 79-4 || 77-6] 79:5] 70-3| 88-7] 87-5 79-8 
2% | 67-4) 73-3] — | 87-2 88-3 730 72-8] 73-3| 63-0] 86°83] 84-9 73-2 
15 | 63-5] 65-0 - 86-5 87-5} 65°0}| 69-3) 69-1 oe 85-7] 83-3 69-1 
10 —|— | 85°83 86°5 65-0| 64-0} — | 84:5] 80-8 64-5 
Petrol. i} Technical heptane. 








7| 9-4} 97-1] 97-1) 97-2) 97°3 
W | 95-7] 96-2} 95-0} 96-6] 96-9] 97-0] 97-0 
85 | 95-1] 95-0} 94-0] 95-7] 96-3] 96-3] 96°2 


| E_ Ethyl alcohol 


























80 | 943] 93-5) 92-6] 95-0| 95-7) 95-8] 95-5) 92-6 I] NP n-propyl alcohol 
7 | 94:2) 90-7] 89-6] 94-0] 94-5] 95-0] 93-7 89:7] || IP iso-propyl alcohol 
© | 93-5) 87-8) 86:3] 92-9] 93-1] 94-2] 91-7 | 86°5 NB n-butyl alcohol 
50 | 93-3) 84-9) 83-5] 91-9] 91-9] 93-2] 89-1 83-7] || SB secondary buty! 
40 2-1} 81-5} 80-7) 90-8} 90-3) 92-2) 85-8) 81-0] || IB iso-butyl alcohol 
30 | 90-6) 77-0] 78-0] 89-5] 88-4] 90-8] 81-0] 73-0 | TB tertiary butyl 

20 | 87-8] 69:5) 73-5) 87-5] 85°83] 89-2) 74-5) 73-5] || 

15 | 858) — | 69-5} 86-3] 84-2] 88-2] 70-8 69-5) |] 

10 | 82:5] — | — | 85-2] 82-0] 87-1] 66-3] x 
































EFFECT OF TEMPERATURE. 

At temperatures other than 15° C., at which all the foregoing 

work was done, the curves retain their shape whilst altering their 
psition, moving upwards with fall, or downwards with rise of 
temperature. The difference found for a temperature change 
of 10° C_—i.e., at 5° or 25° C.—is of the order of 0-75 per cent. 
ilohol strength at high hydrocarbon proportions. The three 
curves, at 5°, 15° and 25°C., tend to open out a little at lower 
Proportions of hydrocarbon. This is especially the case with 
petrol, cyclohexane and heptane. The toluene and _ benzene 
temperature curves show little such spreading. Typical results 
are shown in Table III., which are also plotted in Figs. 8, 9 and 10. 


—_ 
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TasBce III. 
Effect of Temperature. 


OF PETROL. 
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CYCLOHENXNANE-ISCPROPYI ALCOHOL, EFFECT ¢ 


SEPARATION, 


I 


TEMPERATURE 


Strengths of iso-propyl] alcohols. 
liquid Heptane | Cyclohexane. Benzene. 
present : — );———— —_____  _———- 
by wt. 5° ¢ 15°C 25° C 5° C, 15° C 25° ¢ 6° C. 15° C, 
00 - - - 94-5 93-8 
85 95-2 94-9 04:4 94-0 13-7 93°5 93-1 92-5 
sO 93-9 93-6 93-4 92-5 92-2 91-7 91-7 91-1 
70 91-1 90-8 90-6 90-7 89-5 88-3 88-8 88-1 
60 89-2 R8-4 88-0 86-9 86-0 85:3 85-4 84:8 
50 87:1 86-2 85-4 83 82-5 81-2 81-7 81-0 
40 85-3 84-2 82-5 80-3 79-3 77-4 775 76-7 
0 83-2 81:8 79-8 77-0 75-7 74-4 71-7 70-8 
= 
a 
= 
% 
3 | 
= 
14s ‘ ! | 
65 | i I | J 
20 30 40 50 60 70 80 90 
Benzene present, percentage by weight. 
Fic. 8. 
I ZENE-ISOPROPYI ALCOHOL, EFFECT OF TEMPERATURE ON SEPARATION 
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Heptane present, percentage by weight 
Fic. 10. 


HEPTANE-ISOPROPYI ALCOHOL, EFFECT OF TEMPERATURE ON SEPARATION, 


Heptane.—The difference in the behaviour between the two 
heptane samples employed may be mentioned as an exceptional 
case of interest. Technical heptane, which is a petrol fraction 
of boiling range 96-99° C., in admixture with iso-propyl alcohol, 
gives a curve which is completely superimposed on the curve 
for ordinary Shell No. 1 Petrol. Pure heptane, on the other 








@ HePprane (VEGETABLE y. 


Perrow No. 1. 


7 


OQ HEPTANE (TECHNICAL) 











lt 20) 30 40 50 60 70 sv 00 
Hydrocarbon present, percentage by weight 
Fic. 11. 


ISOPROPYL ALCOHOL WITH HEPTANE (VEGETABLI AND TECHNICAL) AND 


PETROL. 


hand, of vegetable origin, ex pinus sylvestris, gives an entirely 
listinet curve, as in Fig. 11. This heptane as a mixing agent 
is as inferior to petrol as petrol itself is to benzene. 
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GENERAL CONSIDERATIONS. 

A. Aromatics.—Benzene is definitely the best mixing agent 
amongst those hydrocarbons studied, followed closely by toluene, 
The single exception found being with normal propyl alcohol, 
already described. 

B. Naphthenes and Paraffins—Heptane is usually the worst 
mixing agent, cyclohexane being slightly superior. In the cases 
of the alcohols completely miscible with water, heptane is certainl 
the worst mixing agent, normal propyl alcohol again providing the 
exception. 

C. Petrol.—Petrol as a general rule does take the middle posi- 
tion between the two classes A and B mentioned above, with a ten- 
dency towards B, which includes the two inferior mixing agents. 
This is what is to be expected if one considers petrol to be approx- 
imately a blend of the three types—aromatics, paraffins and 
naphthenes—in the usual proportions found in No. 1 spirit. The 
many exceptions to this very general rule occurring throughout 
the Paper can be in some measure explained by the remarks on 
blending at the end of Part II. of the Paper. 

Part II. 

The part of the work of direct practical usefulness relates to 
mixtures containing less than 25 per cent. alcohol, this being 
generally accepted as the extreme limit to be contemplated as 
the alcohol proportion in commercial motor spirits. The range 
up to this limit has accordingly been studied more closely, inciuding 
blends of alcohols and blends of separate hydrocarbons, and the 
results of this examination are given in this second part. This 
work in fuller detail has been done, calculating the results directly 
to water tolerance, expressed in the units to which the trade is 
accustomed—i.e.. cubic centimetres of water per imperial gallon 
of anhydrous mixture. 

The figure of maximum water tolerance thus obtained gives the 
maximum proportion of water which can be taken up by a mixture 
at a given temperature without causing separation into two layers 
The maximum possible water content of an alcohol-hydrocarbon 
mixture is thus given per se, instead of being shown indirectly 
in the figure of alcohol strength. This practice is more logical in 
that the figure of maximum tolerance represents a margin of safet; 
which it is important to know, although the exhaustion of this 
margin would not normally be approached in practice. It is now 
a matter of comparative ease and cheapness to furnish the absolute 
ethyl alcohol for blending a motor fuel, in contrast to the position 
obtaining only a few years ago, when 95 per cent. volume alcohol 
was the economic limit for industrial spirit. 
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The work on mixtures of separate alcohols is interesting as 
showing the effects, in altered margin of safety from separation, 
to be obtained by the blending-in of alcohols, other than ethyl, 
in fair proportion. The effects may be compared with those 
following the use of “‘ binders ’’ employed, as commonly understood, 
in small proportions, for which so many and varied patents have 
been taken out. The special case of acetone, here included, is 
of particular interest in this respect. 


Many of these results in terms of water tolerance have been 
calculated from the same experimental observations as formed 
the basis of Part I. of the paper. Where additional observations 
have been made the modified procedure has been followed, adding 
hydrocarbon to the test liquid for the approach to each end-point. 
It will be noted that trimethyl-ethylene, as an unsaturated com- 
pound, has been included with the hydrocarbons, and methyl, 
active amyl, and an octyl alcohol (alpha-ethyl-n-hexanol) have 
heen examined both singly and in blends. 

Proportions of liquids are given by volume, measured before 
nixing, and making no allowance for changes in volume on mixing, 
for which data are not available. Such allowance in most cases 
would probably be very small. In the following Table IV. of 
results, maximum water tolerances in c.c. per gallon are shown for 
each of the alcohols grouped in turn under common headings 
foreach of the hydrocarbons. All results, unless otherwise stated, 
are at 15° C. 


A. TOLERANCE OF SINGLE ALCOHOLS MIXED WITH SINGLE 
HYDROCARBONS. 

The curves 12-19, Figs. I.—-VIII. inclusive, on the other hand, 
plotted from the tables, show the behaviour of the hydrocarbons 
ns-d-vis each of the alcohols in turn. Obviously the same features, 
though magnified, are reflected from the higher reaches of the 
curves already described in Part I., but the practical purpose 
is served of more effectively reducing the whole question to a 
common denominator of margin of safety. The “ negative ” 
tolerance of methyl alcohol mixtures with heptane, cyclohexane 
and petrol will be noted, as well as how markedly with ethyl alcohol, 
benzene, toluene and trimethyl-ethylene afford a higher tolerance 
than petrol, cyclohexane and heptane, falling in this order. Pre- 
servation of the same order as between aromatic and non-aromatic 
hydrocarbons, though with smaller differences, is found with all 
the aleohols (except normal propyl) to be a general rule, cyclo- 
hexane and heptane being always lower than the aromatic hydro- 
carbons. 
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TaBLe IV. 
Water Tolerance of Mixtures of a Single Alcohol with a Single Hydrocarbon, 


Cubic centimetres of water per Imperial gallon anhydrous mixture at 15° C, 





Cyclohexane in admixture with Heptane in admixture with 








/0 

vol, of 

hydro-|————_—_—__-_—__ —_—_—__—____ ———_ | —_—- > —_—_— 

carbon| E NP | IP | NB | SB IB | TB E NP | IP | NB] SB | IB [| TB 
93 11-0 9-6 | 12-0 | 10-0 8-0 7-0 8-0 7-5 9-0 | 10-0 9-7 77 80]; 54 
90 15-2 | 15-5 | 19-5 | 14-6 | 12-1 | 10-8 [13-0 | 12-0 | 16-8 | 17-6 | 15-5 | 13-1 | 12-7 | 101 
85 24-3 | 31-7 | 38-7 | 25-5 | 21-7 [19-8 | 22-7 | 20-0 | 33-9 | 34-1 | 26-9 | 24-0 | 22-0 | 205 
80 | 35-0 | 52-5 | 64-0 | 38-0 | 33-4 | 31-3 | 36-5 | 28-0 | 59-0 | 59-6 | 39-6 | 36-5 | 33-8 | 330 
75 46-0 | 75-0 — |53-5 149-0 143-7 | 53-6 | 37-0 _— — |53-0 | 50-0 | 47-0 | 500 

Trimethyl-ethylene Toluene in admixture with 


in admixture with 





E | NP | IP | NB| SB | IB | TB 














M E Ir | SB M 
3 7-5 [186 )120] 96 [10-7 |14-2 /11-1] 97/110] 90] 91] 89 
90 10-5 | 25-0 | 19-0 | 14-0 | 17-0 | 27-0 | 18-1 | 19-2 | 17-4 | 14-7 | 14-0 | 153 
85 16-0 | 46-0 | 37-0 | 24-2 | 29-0 | 55-0 | 33-0 | 38-0 | 28-8 | 25-5 | 24-3 | 280 
80 23-0 | 73-8 | 64-0 | 38-0 | 43-5 | 87-0 | 52-8 | 64-0 | 42-5 | 40-0 | 36-8 | 45-1 
75 32-0 1119-0] 95-0 | 53-6 | 61-0 — |770 — |58°3 | 57-0 | 50-5 | 670 























Benzene in admixture with Petrol in admixture with 
M E NP| IP | NB| SB] IB| TB E NP| IP | NB] SB] IB|TB 
3 13-6 | 16-6] 86/12-3)10-4])11-3)104] 82/100] 84] 12-5] 7-0] 7-5] 7-0] 68 
1) | 22-0 | 30-8 | 16-5 | 23-0] 17-6 | 16-2 | 13-9 | 16-2 | 16-9 | 15°83 | 19-7] 13-4 | 12-6 | 12-0) 116 
85 | 40-5 | 59-0] 31-8 | 42-7 | 30-2 | 27-0 | 25-0 | 31-7 | 28-6 | 33-3 | 38-5] 26-8 | 23-0 | 22-0 | 220 
30 63-0 | 95-0 | 52-8 | 69-2 | 45-0 | 41-0 | 37-9 | 48-8 | 40-4 | 59-0] 64-0] 42-0 | 35-1 | 33-8 | 355 
75 «191-5 _ - | 63-0 | 55-4) 53-8 | 70-8 151-5] — [100-0] 59-0 | 51-0 | 47-0 | 544 











B. Errect oF ACETONE ON THE WATER TOLERANCE OF ALCOHOL- 
HYDROCARBON MIXTURES. 


This was thought to be of interest, since acetone has so often 
been proposed as a binder or blending agent for the purpose of 
increasing water tolerance. The results of this part of the examina- 
tion appear in Tables V. and VI. From them it can be definitely 
stated that if to a petrol (or a constituent of petrol) another liquid 
is to be added, any percentage of any of the alcohols, ethyl, propy! 
or butyl, is more effective than the same percentage of acetone 
in increasing water tolerance within the range studied. 

The tolerance shown by acetone alone in admixture with petrol 
is remarkably low, for here we have a liquid miscible with water 
and with petrol in all proportions yet giving a lower water tolerance 
than any of the alcohols from ethyl to amyl, whether the alcohol 
be totally or only partially miscible with water. From this com- 
parison, methyl alcohol is excluded by its partial miscibility with 
petrol, whilst the octyl alcohol examined is excluded by its immus¢- 
bility with water. The water tolerance of a mixture of 25 per cent. 
acetone with 75 per cent. petrol is only 11-6 c.c. per gall. at 15°C., 
in contrast with 100c.c. per gall. for isopropyl alcohol-petrol 
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TABLE V. 


Petrol—Alcohol—Acetone Water Tolerances. 
































Water Tolerances in c.c./Imp. Gallon when remainder of mixture by 
Percentage by Volume is made up of: 
Volume of 
Petrol present. Acetone Acetone and Acetone and Ethyl Alcoho! 
Alone. Ethyl Alcohol. Ethyl Alcohol. Alone. 
100: 0 50 : 50 10: 90 0: 100 
93 15 5-7 9-5 10-0 
90 1-6 10-5 14:5 16-9 
85 3-5 17:3 25:3 28-6 
80 70 28-0 38-0 40-4 
75 11-6 42-0 52-0 515 
Acetone Acetone and Acetone and Iso-Propy] 
Alone. Iso-Propyl Iso-Propyl Alcohol 
100 : 0. Alcohol. Alcohol. Alone. 
50 : 60. 10: 90. 0: 100. 
93 1/5 6-2 10-0 12-5 
%” 1-6 9-7 175 20-0 
85 3-5 19-7 34:3 38-0 
a 70 33-5 58-0 65:1 
75 11-6 52-0 - 100-0 
Acetone Acetone and Acetone and Iso- Buty! 
Alone. Iso-Butyl Iso-Butyl Alcohol! 
100: 0. Alcohol. Alcohol. Alone. 
50 : 50. 10: 90, 0: 100. 
3 1-5 40 74 70 
” 1-6 7-0 12-0 12-0 
“5 3:5 14:3 21-2 22-0 
0 7-0 23°8 33-3 33-8 
75 116 37-2 47-5 47-0 

















TaBie VI. 








Percentage by 
Volume of 
Benzene present. 


Percentage 
Cyclohexane. 


Percentage 
Petrol 





Benzene— Alcohol! Acetone Mixture. 


Water. Tolerance in c.c. per Imperial Gallon, when remainder of 


mixture is made up of :— 





Acetone and | Acetone and | Acetone and 


Acetone and 






































Acetone Ethyl Iso-Propyi Iso-Butyl Secondary 
Alone. Alcohol. Alcohol. Alcohol. Butyl Alcohol! 
(All in 5]0/50 mixture b/y volume.) 

_ 9-6 81 55 6-0 

6-2 141 11-4 8-3 9-9 

88 27-0 22-0 16-2 15-5 

13°3 44-4 35°5 25°5 26-5 

19-0 68-0 53-4 37-2 40-0 
Cyclohexane— Alcohol! Acetone Mixtures. 

Water Tolerances corresponding to Alcohol blends as above 

5-0 5-0 40 4-0 

u3 76 oe 65 6-5 

U7 14°5 17-0 12-0 12-0 

13 22:7 28°9 20-4 20-5 

2-3 33-8 43-0 31:3 34-4 

Petrol—Alcohol/ Acetone Mixtures. 
Water Tolerances corresponding to Alcohol blends as above. 

15 5-7 6-2 40 5-2 

1-6 10°5 9-7 7-0 8-4 

3-5 17-3 19-7 14-3 15-3 

70 28-0 33-5 23:8 25°6 

42-0 52-0 37:2 39-0 
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mixtures in the same proportion; with 47-0 c.c. for a similar 
isobutyl alcohol-petrol mixture, and 36-2 c.c. for the corresponding 
active amyl-aleohol mixture. : 

Blending acetone and alcohol in equal volumes and then mixing 
with petrol, a tolerance is found which stands at about the mean 
of the results obtained for the single alcohol-petrol and acetone. 
petrol mixtures. Corresponding mixtures with cyclohexane and 
benzene in place of petrol give values of tolerance above the mean 
of the results for acetone and alcohol alone. 

It must not be taken from the above that acetone has the effect 
of reducing the water tolerance of any mixture to which it may 
be added. If with a volume of petrol be mixed a volume of any 
alcohol, a further addition of acetone will undoubtedly increase 
the tolerance still more, but not to such an extent as would the 
alternative addition of the same percentage of any alcohol. 
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VOLUME OF ACETONE IN ADMIXTURE WITH PETROL, 


This is more clearly realised from the curve shown in Fig. 2 
where the horizontal axis indicates the percentage of a Aor: 
acetone mixture in the blend, the difference from 100 indicating 
the percentage of either of the three alcohols included—ethyl, 
iso-propyl or iso-butyl. The actual percentage of acetone mixed 
with the petrol be fore ble nding with alcohol is indicated by the 
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small figures at the end of each curve. Thus, if we examine the 
iso-butyl curve which contains no acetone and select a point con- 
taining 85 per cent. of petrol, we see that the tolerance is 22-5 c.c. 
per gall. If we move vertically up to the curve above, we find 
that on substituting 5 per cent. of the petrol content by acetone, 
the tolerance has been raised to 30c.c., an increase of 7:5 c.c. 
On returning to the first curve, however, and considering the same 
addition of alcohol, 4-25 per cent. on the total mixture (7.e., 85 per 
cent. of 5 per cent., making 19-25 per cent. of alcohol and no 
acetone) we see that the tolerance is now 31-7, a greater increase 
than with the acetone. The increase in the case of iso-propyl 
alcohol is still greater, as the curves are much steeper; in fact, 
replacement of 20 per cent. of the petrol by acetone in a 90: 10 
petrol iso-propyl alcohol mixture (18 per cent. acetone calculated 
on the whole) does not raise the tolerance any more than does 
increasing the alcohol strength of the original blend from 10 per cent. 
to 16-4 per cent. 


(. Errect oN WaTER TOLERANCE OF ADDITION OF BLENDED 
ALCOHOLS TO LiguIp FUELs. 

This part of the work was undertaken to ascertain whether 
alcohols in mixture gave purely additive effects or whether blending 
gave results superior to the calculated mean of the separate com- 
ponents. The second alternative was indicated as a possibility 
by the known wide variations in cloud-points? of standard mixtures 
of petrol and 95 per cent. ethyl alcohol, in which a small proportion 
of the latter had been replaced by equal quantities of the various 
pure alcohols under examination. 

The remaining tables and curves give the results obtained. 
shown as before, in terms of water tolerance in c.c. per imperial 
gallon of dry mixture. With ethyl-isopropyl, isopropyl-isobuty], 
and ethyl-isobutyl alcohol blends, in admixture with petrol, the 
proportions by volume of the respective alcohols in each blend 
were varied. In the first two cases, with these varying propor- 
tions, the results obtained were approximately equal to, though 
slightly higher than, the weighted means of the values found for 
the individual alcohols, in admixture with petrol. 

In the case of ethyl-isobutyl, however, very marked and excep- 
tional behaviour was noted. Blends in different proportions 
gave tolerances far above the mean, and generally greater than the 
values corresponding to either of the alcohols unmixed. The 
optimum falls at about 50/50 alcohol mixture by volume, when the 
tolerance is twice that of the isobutyl alcohol alone and about 





* Ormandy and Craven. J. Inst. Petr. Techn., 1923, 9, 129. 
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one-and-a-half times that of ethyl alcohol, within the range studied 
—4t.e., above 75 per cent. petrol. 

In extending the work, to ascertain whether and which individual 
constituents of the petrol were answerable for this exceptional 
behaviour, and in examining other pairs of blended alcohols, 
the optimum mixture found with ethyl-isobutyl alcohols and petrol 
was repeated and 50/50 volume alcohol blends used throughout. 

The interesting fact was then brought out, working with 50/0 
ethyl-isobutyl alcohol blend (found to be the optimum with petrol), 
that the aromatic constituents of petrol—i.e., benzene and toluene 
—showed tolerances only the mean of those found with the separate 
alcohols, whilst heptane and cyclohexane gave an effect of the 
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Hydrocarbon, percentage by volume. (Difference from 100= percentage alcohol.) 
Fic. 21. 
WATER TOLERANCE, €.C./GAL, DRY MIXTURE. 


same high order as that obtained with petrol itself. In other 
words, referring back to the pure ethyl alcohol curve, Fig. 5, 
in Part I., the exceptional gap between the curves for aromatic 
and those for the other hydrocarbons is eliminated, when this 
blend is used. 

A number of alcohol blends in 50/50 volume proportion was 
tested in mixture with the various hydrocarbons. The results 
of these tests are given in the following tables, and certain results 
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slected as typical are also plotted in the accompanying curves, 
Figs. 21 and 22. 

Fig. 21 shows quite clearly that both cyclohexane and heptane 
have their tolerances nearly doubled by a 50/50 mixture of ethyl 
and isobutyl alcohols, compared with the four curves, all adjacent, 
which represent their tolerances with the two alcohols alone. 
Fig. 22, on the other hand, shows that whereas petrol behaves 
in this connection exactly as cyclohexane and heptane, its other 
aromatic component simply gives the mean tolerance between 
those of the individual alcohols. It is remarkable that the “ raised” 
curve of petrol and the “fallen” curve of benzole should lie so 
near and parallel to one another. 
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vdrocarbon, percentage by volume. (Difference from 100= percentage alcohol. 


WATER TOLERANCE, C.C,;/GAL, DRY MIXTURE, 


Table VII. gives the results in the usual units, viz., c.c. of water 
per imperial gall. of anhydrous mixture, for blends of two alcohols 
in various proportions in admixture with petrol, and for blends of 
two alcohols in equal volumes in admixture with four pure hydro- 
tarbons. This table brings out the establishment of a blend in 
«qual proportions as the optimum blend, giving the greatest rise 
above the mean value, and also shows in the case of ethyl-isobuty] 
blends the difference in effect referred to above—i.¢., between 
aromatic and non-aromatic hydrocarbons. 
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Petrol present following proportions following proportions 

mee 1u :0) re ‘ 23) 50- ~ 25 7 | lw | v0 100) : 100 § :50| 9 0:10 100 

9 | 100} 11-0] 11-5 | 13-0] 13 — 70 | 110] 120| 2 

1) | 16-9 | 17-3 | 193 | 203 10] 197 | 12-0 | 16-1] 185] 19 

5 | 23-6 | 32-0 36-2 i386 40-0 B3a-5 | >?) -#! 7 36-7 tm 

st) 410-4 48-2 | 57-0 64:7 66-2 61-0 33°38 61:7 7 | 644) 

7 } 515 | 67-5 | 7O5 96-5 | 102 100-0 47-0 720 | 95-0 100-0) 

| | { | | 
PETROL ETHYL-ISOBLTYL ALCOHOLS. 

Percentage by - | ' , yer _ —s 
volume present. | 100:0 | 90:10 | 75:25 | 60:40 | 50:50 | 25:75 | 0:100 
93 "10-0 ws | to | 2 |} 120 95 | 7 
0 16-0 77 |S 19-4 20-2 162 ; 120 
85 } 23-6 30-5 34-5 37 38-5 29-5 220 
0) } 40-4 | 45-4 52-8 60 62:5 47°5 33°8 
ry | s) ee 644 | 741 | sou 93-5 70°5 | 470 

E THYL- ISOBI TYL ALCOHOLS IN 50,50 MIXTURE. 

Percentage by | a . 

volume of on- Al oholic liquid pre se ut. 

liquid present - | -— 

Petrol senzene Toluene - | He epta ane. Cyclohexan 
3 20 06 | 137 | azz | 11-2 14-0 
“) 20-2 | 23 } 20-6 | 17°5 “0-0 
8 | 33°5 41-0 | 33-5 33-5 33-5 
Su | 62 | 640 61-2 | 53 64-0 
= | = o ~ 
‘ 3 } 935°9 | Wd Ts 5-5 
Tasie VIII. 
Water Tolerances NMizture s of Liquid Fuels with Blends of Alcohols. 
Unit : C.c. of water per Imperial Gallon of dry mixture. 
Alcohol blends throughout : 50/50 by volume. 
bE Ethy] alcohol. NB Normal butyl alcohol 
NP Normal propy! alcohol. SB Secondary butyl alcohol 
IP = Isupropyl alcoh IB Tertiary butyl alcohol 
Il Ixobutyl alcohol 
oie —— 
Percentage! 
by volume | Cyclohexar 
or non- 
alcoholi 
liquid E NI E IP IP IB NPI 

















vents in 


ee 


‘ROPYL 
_ 

















ORMANDY AND OTHERS: MISCIBILITY OF PETROL. 335 























Percentage 
by volume 
of non- Heptane Toluene 
alcoholic 
liquid ———— || - = — — = - 
present. E/1B | E/SB | IP/IB | NP, IB| E/NP | E/IP E,IB | E/SB | 1IP/IB |NP. 1B 
93 11-2 9-4 9-0 9-0 14:3 14-8 12-7 12-7 10-9 9-4 
9 .. 17-5 16°38 16-0 19-0 22-2 23-0 20-6 19-8 16-6 15-2 
85 33-5 31-4 30-0 27-5 46-0 45-0 38°5 37:3 30-0 27-3 
80 53°8 50-2 48-5 44-0 73-0 77-0 61-2 59-5 47-0 42-40 
75 73:7 74°6 73-0 64-8 - - 90-5 86-0 9-0 60-8 
Benzene. 
— “ a ar | . anni " 
E/NP E IP | E/IB E/NB E/TB E/SB IP/IB NP/1bB 
eo .. 15-2 16-0 13-7 15-0 14-2 14-0 12-5 10-6 
TP se 24-9 26-6 22-3 23-7 22-5 21-7 18-2 17-0 
85 .. 47-2 50-7 41-0 42-0 42:8 40°3 32-7 29-4 
80 76°5 83-0 64-0 67-9 69-5 64-0 51-0 43-8 
75 93-5 98-8 - 73-2 61-2 








Tables VIII. and IX. extend the results for 50/50 blends of two 
alcohols with the separate hydrocarbons and also give four examples 
of ternary blends, from which it becomes clear that the highest 
degree of water tolerance is obtained with a blend of 10 volumes 
of ethyl alcohol with 90 volumes of isopropyl alcohol, followed 
next by isopropyl alcohol alone. A value of the same order is 
given by various blends, but no higher value has been found. 


TaBLe IX, 
Water Tolerances of Mixtures of Liquid Fuels with Blends of Alcohols (contd.). 


Unit : C.c. of water per Imperial Gallon of dry mixture. 




















Percentage by 

volume of 50/50 Alcohol blends in admixture with 
non-alcoholic Petrol. 
liquid present. — —<—<—+]J Jj —__}__ 

E/NP E/IP E,/ IB | E/NB E/TB 
93 10-8 12-0 
90 18-7 20-2 
85 35-7 38°5 
50 57-6 62-5 
75 85-0 93-5 | 
Ternary blends of alcohols, in the proportions shown, in 
Percentage by admixture with 
volume of Petrol 
non-alcoholic ———— - _ _ —— _ - 
liquid present. E, 1P/IB E/1P/1B E/IP/SB E/1IP/sB 
50/25/25 45/45/10 45/45/10 30/30/30 

93 ee ai 11-7 13-6 12-1 12-1 
90 ee oe 19-5 20-1 20-0 18-7 
85 es ws 37-9 38-7 38:3 36-4 
50 ; bs 60-8 62-2 60-6 61-5 
75 85-0 89-0 91-0 92-5 








In Tables X. and XI. a systematic feature of the results obtained 
with blends of ethyl and of methyl alcohol with higher members 
in admixture with petrol and benzene is presented. It will be 
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noted that with petrol a maximum value is obtained with an 
ethyl-butyl blend and with a methyl-amyl] blend. 


TABLE X. 
Water Tolerances of Mixtures of Petrol with (a) Blends of Ethyl with Other 
Alcohols and (b) Blends of Methyl with other Alcohols. 
Units : C.c. of water per Imperial Gallon of dry mixture. 


Alcohol blends: 50/50 by volume throughout. 
(a) Blends of Ethyl! alcohol with other alcohols indicated by initial letters as before. 























AA Active amy! alcohol. OA An octyl alcohol: alpha-ethyl n-hexanol. 
% Petrol E/OA 
by volume. 
93 6-5 
90 113 
SS 211 
sO 33°3 
79 47:8 
(6) Blends of methy! alcohol with other alcohols. 
> Petrol M/E M/IP M/IB M/AA 





M/OA M alone 
by volume. 





93 as os - 56 6-4 6-2 3-3 Has a solubility 
ow - os — 8-6 9-0 10-0 6-2 of 10-65 volumes 
SS « oe 10-0 14-6 16-8 19-5 11-5 per 100 volumes 
SO on 14-6 22:5 27-2 31-2 19-0 petrol. 

75 as oe 19-5 3 40-2 47-0 28-7 








Note.—Active amyl alcohol dissolves about 5 volumes of water per 100 alcohol, and gives the 
following values of water with petrol :— 


% Petrol by volume ec ee 93 90 85 80 75 
Tolerance c.c./gal. 6-3 10-0 17-2 25°8 36-2 


The octyl alcohol will not dissolve water. 


TaBLE XI. 
Water Tolerances of Mixtures of Benzene with (a) Blends of Ethyl with other 
Alcohols and (b) Blends of Methyl with other Alcohols. 


Units: C.c. of water per Imperial Gallon of dry mixture. 
(a) Ethyl alcohol blend. 





o Benzene | E alone E/IP E/1B 
by volume. 





93 ee ee 16-6 16-0 
90 se “ 30-8 26-6 
oH) ee - 59-0 50-7 
aU ee ee No 83-0 64-0 
5 ea 93-5 

















“4 Benzene M/E. MIP. M/IB. M alone. 
by volume. 
93 15°5 13-4 12-0 13-6 
90 25°5 23-2 20-5 22-0 
85 oe ee 45-0 45°5 39-0 40-5 
80 a ei 76-0 74-0 65°5 63-0 
75 ee 110-0 g 97-0 91-5 
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The following Table XII. gives some results obtained with blends 
of separated hydrocarbons mixed with single and blended alcohols. 
From an examination of the figures therein and comparison with 
the results shown in Table IV., it will be seen that the hydro- 
carbons are not without influence on one another when blended 
together. The blends of the hydrocarbons show sometimes a 
value below the mean of the two components and sometimes 
above, although no effect nearly as marked as that found by 
blending two such alcohols as ethyl and isobutyl has been noted. 
The vagaries of the petrol curves in Part I., however, are probably 
partly due to these values above or below the mean here described, 
as petrol itself represents all these blends in all different proportions 
within itself. 

TaBLe XII. 
Water Tolerances of Mixtures of Alcohols with Blends of Liquid Fuels. 


Unit: c.c. of water per Imperial Gallon of dry mixture. 
Liquid, or alcohol, blends throughout : 50/50 by volume. 
Alcohols indicated by initial letters, as before, or in full. Liquids, L, by: 












































C Cyclohexane. T Toluene. 
H n-Heptane. B Benzene. 
P Petrol. 
Alcohol :— Ethyl. 
% L blend by P/B. H/T. T/C. T/P. B/C. P/Cc, H/C. 
volume. 
93 ihe _ 16-8 17-4 17-0 17-5 15-0 9-5 8-0 
90 ea ‘nm 28-0 23-1 24-0 24-7 24-5 17-0 13-0 
85 ‘ we 50-0 39-2 415 43-4 48-7 26-7 21-8 
80 ee ‘ 79-5 61-0 67-5 69-0 79-2 39-5 32-0 
75 on “< 166-0 36-0 98-0 99-0 112-4 55-2 45-0 
Alcohol :— Isopropyl. 
L blend :— P/B. T/C. T/P. B/C, P/C, 
es . . ete ae ee 11-0 12-0 10-0 
90 te : 19-0 19-0 17-5 18-3 17-0 
85 ~ + 36-6 33-2 35-0 35-4 34-0 
80 — 62-2 55-2 58-0 57-5 57°5 
75 oa 138-0 84:3 87-0 87-0 89-0 
Alcohol :— TB. TB. TB. IB. E£/1B. E/SB. E/SB. 
L blend :— P/B. H/T. B/C. PC, P/C. P/B. P/C. 
93 a a 7-0 68 10-0 11-3 88 
90 12-8 11-5 11-0 10-8 17-0 19-0 12-7 
85 23-6 22-0 20-9 19-2 33-8 34-6 26°5 
sO 38-1 36-0 35°38 30-0 55°5 56-7 44-8 
75 85-3 56-0 54-5 43-8 85-0 125-0 69-2 


























If we examine a 50/50 blend of petrol and benzene for each of 


the occasions it occurs in Table XII., we see that for an increase 
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of 5 per cent. alcohol strength, represented by the fall in hydro. 
carbon strength from 80 to 75 per cent. in hydrocarbon present, 
the corresponding increases in tolerance are very considerable, as 
shown in Table XIII. :— 


TaBLe XIII. 


Increase in Tolerance of 50:50 Petrol-Benzol Blends with Various Alcohols 
with Increase of Alcohol Present from 20 to 25 per cent. in c.c. per gall. 





Mean value of | Actual value of | Actual value of % increase 





Tolerance for same at same at for 5% 
Alcohol. P/B blend, 20% alcohol 25% alcohol extra 

with 20% present. present. alcohol. 

alcohol. 

Ethyl.. ee ee ee 67-7 166-0 109-0 
Isopropyl .. ee es 67-6 138-0 122-0 
fertiary butyl os ee 42-1 85-3 124-0 
Ethyl/sec. butyl 50,50 .. 55-0 125-0 121-0 




















It will be noticed from the first column also inserted in the 
above table that the mean in the first case is below the actual 
value, in the second and third definitely above, while in the fourth 
case it is slightly below. The explanation of these vagaries which 
occur throughout the Paper is one of great difficulty. 

Some attempt has been made to correlate the water tolerances 
given in this Paper with the heat evolved when these mixtures 
are blended. No connecting link could be found between the 
heat evolved and the tolerance of normal cases, without taking 
into account the anomalous case of ethyl-isobutyl blends. Neither 
does the solubility of the alcohols in water seem to have any 
connection with the amount of water with which an alcohol will 
mix when in the presence of a hydrocarbon. Further attempts 
to correlate the foregoing facts with any electronic or ionic theory 
have met with no more success up to the present. 
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CORRESPONDENCE. 
To the Editor. 
Sir,—I have been asked a question which I find extremely difficult 
to answer, “What is Commercial’Production?’’ I note in a 
recent issue of ‘* World Petroleum ” that a well producing 200 bris. 
a day of 42 gravity oil is referred to as ‘ not a commercial crude 
oil producer,” and I am told by an old driller, to whom I passed on 
the question, that a 1,000-brl. well drilled by him for one of the 
larger oil companies was abandoned as unprofitable. I am 
wondering if my friend over-estimated the capacity of his well. 
There are, however, so many things to be considered :—depth and 
nature of drilling ; cost of plant and transport to site ; quality of 
oil obtained ; access to markets; ruling market price ; proximity 
to other fields and the nature of such fields, whether prolific or 
otherwise ; geographical situation of the well, whether in a country 
already producing oil or in a new country: nature of marketing 
facilities in such country and distance from previous sources of 
supply ; freights and protective tariffs. These boil down to cost 
of production; cost of marketing; freights: competition ; 
demand, local and general, and protection. There may be other 
considerations which do not occur to me at the moment. No 
general answer to the question is possible, but the subject might be 
worthy of a paper or discussion; the phrase is so widely used in 
oil literature, but is never defined. 


Australia, March 1st, 1934. ARTHUR WADE. 
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REVIEW. 


THe Manvuracture oF Gas. Edited by H. Hollings, M.Se. Votume |: 


Water Gas. By R. H. Griffith, D.Phil., and H. C. Exell, Mg. 
London : Ernest Benn, 1934. Pp. xiv.+260. £1 16s. 


This book on water gas is the firat of a series of volumes which will together 
form a treatise on gas manufacture. It is written in the light of the con. 
siderable amount of experimental work on the carburetted water gas process 
and reactions which has been carried out in recent years. It is stated in the 
preface that the authors’ aim has been “to present a complete picture of 
the scientific foundations of the processes of coke gasification and oil cracking, 
and to show how the fundamental data thus made available may be linked 
up with large-scale practice.’ This method of treating the subject is apparent 


from the lay-out of the chapters of the book, which are as follows :— 


Chapter [. Chemistry of the Water Gas Process. Consists of a review 
and discussion of laboratory work on the combustion of coke in oxygen 
and its gasification in steam. The classical experiments of Rhead and Wheeler 
are described and also the many researches carried out on coke reactivity. 
The influence on coke gasification of such factors as temperature, time of 
contact, pressure and inorganic catalysts is discussed, and reference is made 
to the behaviour of the nitrogen and sulphur in the coke during gasification. 
An extensive bibliography is given. 

These theoretical aspects of the combustion reactions are treated at some 
length in this book when they will facilitate the treatment of coal carbonisa- 
tion in later volumes of the thesis. 

Chapter If. The Practical Control of the Water Gas Generator. This 
chapter is sub-divided into : 

The relative duration of blow and run. 
The rate of air and steam supply. 

The depth of the fuel bed. 

The quality of coke. 

It is concluded that the important factors in the operation of a given 

water gas plant are: 
The determination of the proper duration of blow and run; 
The quality of the coke, which should be as free as possible from moisture 
and ash and of uniform size. 

Chapter III. Ov Cracking: Laboratory Investigations. Contains & 
description of the authors’ important work on oil cracking, which, in addition 
to the development of a method of oil analysis, includes investigation into 
the influence of rate of oil feed, temperature, the hydrogen in the atmosphere 


in which cracking is carried out, the nature of the oil used, ete. 
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Chapter IV. Oil Cracking: Plant Technique. Gives the results of large- 
scale tests, which bear out the findings of the laboratory investigations 
described in the previous chapter. In addition, reference is made to alternate 
sources of enrichment other than gas oil, the benzole content of carburetted 


water gas, and water gas tar emulsions. 


Chapter V. Practical Methods of Testing Water Gas Plant. Is mainly 
a description of the experimental methods developed in the Gas Light and 
Coke Company. A discussion is given of the measurement of such items as 
the supplies of coke, air, oil and steam, and also of the sampling of biow 
and run gases. 

Chapter VI. Water Gas Plant Balances. Indicates the use of thermal and 
chemical balances and is illustrated by examples taken from tests by 
Glasgow, the Institution of Gas Engineers, the Fuel Research Board and the 
Gas Light and Coke Company. 

Chapter VII. The Complete Gasification of Coal. Includes reference to 
” coal gasification 


‘ 


the Pier Process, the Doppel gas plant, the “ regenerative 
plant of Travers and Clark, and the Humphreys and Glasgow complete 
gasification plant. 

Chapter VIII. Special Modifications of Water Gas Plant. Discusses 
modifications such as the back-run, Chrisman down-run, self-clinkering grates, 


automatic operation, continuous plants, etc. 


Chapter IX. Summary and Conclusions. Is a brief review of the main 
conclusions reached in the previous sections of the book. The opinions are 
expressed that the introduction of self-clinkering grates and automatic 
operation has led to considerable savings in labour charges, without, however, 
leading to increase in efficiency, and that the use of superheated steam, 
according to the back-run process, is beneficial when gas of low calorific 
value is being prepared, but its advantages rapidly diminish as richer gas 
is made, 

Chapter X. Temperature Measurement. Is devoted to a description of 
methods available for the measurement of temperatures of gases, surfaces, 
ete. Attention is drawn to errors due to radiation on pyrometers, lag caused 
by sheathing, ete. The measurement of temperatures, of primary importance 
in the testing of water gas sets, is also indispensable to the proper control 
of other types of gasworks’ plant, and the present contribution will prove 


a useful reference. 


Taken as a whole, the book gives a more complete survey than has yet 
appeared of the recent experimental work which has been carried out on 
the manufacture of water gas, and as such it is a valuable addition to the 
literature on the subject. The survey is especially extensive in its treat- 
ment of laboratory work on the cracking of oil and on the reactions between 
carbon, steam and air. The application of this laboratory work to large-scale 
F. J. Dent. 


practice is not discussed in the same detail. 
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Ox unp Koute. Verlag Mineralélforschung, Jigerstrasse 61, Berlin, W.§, 


This publication is the official organ of the Deutschen Gesellschaft flip 
Mineralélforschung, and is edited by Prof. Dr. L. Ubbelohde. The firg§ 
number, which constitutes volume 1, appeared in December, 1933, and 
contained the papers presented at a congress held in Berlin on September If 
to 19, 1933. 

The journal is now appearing as a regular publication and is issued in two 
sections. The Technical and Scientific Section is published monthly and the 
Economic Section appears twice monthly. The size of the page # 
8} in.x ll? in. The price of both sections together is RM.11. The Technical 
Section alone is priced at RM. 9, and the Economic Section RM 4 per month, 
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